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(54) LIQUID CONTAINER AND LIQUID CONSUMPTION DETECTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suitably use a detected result in 
detection of fluid consumption using a piezoelectric element to 
improve detection ability. 

SOLUTION: An ink cartridge 800 serving as a liquid container is 
provided with a liquid sensor 802 having a piezoelectric element for 
detecting a consuming condition of liquid inside a container and a 
consumption information memory 804 serving as a recording means. 
The consumption information memory 804 is a rewritable memory for 
storing consumption-related information linked to detection of a 
consuming condition by means of the liquid sensor 802. The 
consumption-related information is, e.g. consuming state information 
of the detection result. Even if the ink cartridge 800 is detached, 
previous consuming state information can be used. The consumption- 
related information may be a detected characteristic to be detected in 
compliance with a liquid consuming condition. On the basis of the detected characteristic, a consuming 
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state is detected by means of th^^uid sensor 802. In this way, a consun^^ state can be detected without 
being influenced by an individual difference of the ink cartridge 800. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 

not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 

3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The liquid container characterized by having the liquid sensor 
which is the liquid container with which liquid use equipment is equipped, 
and has a piezoelectric device, and a storage means. 

[Claim 2] The liquid container according to claim 1 characterized by the 
aforementioned storage means memorizing consumption related information. 
[Claim 3] The aforementioned consumption related information is a liquid 
container according to claim 1 characterized by including the consumption 
status information acquired using the aforementioned liquid sensor. 
[Claim 4] The aforementioned consumption related information is a liquid 
container according to claim 2 characterized by including the detection 
property information used when acquiring a consumption situation using a 
liquid sensor. 

[Claim 5] The aforementioned storage means is a liquid container according 
to claim 4 characterized by having memorized the detection property 
information before consumption which shows the detection property before 
starting consumption of the liquid in the aforementioned liquid container as 
the aforementioned detection property information. 

[Claim 6] The aforementioned storage means is a liquid container according 
to claim 4 to 5 characterized by having memorized the detection property 
information after consumption which shows the detection property of the 
schedule detected when a liquid is consumed to predetermined detection 
goals as the aforementioned detection property information. 
[Claim 7] The aforementioned detection property information is a liquid 
container according to claim 5 to 6 characterized by being the information on 
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the resonance frequency showing the size of an acoustic impedance. 

[Claim 8] The aforementioned storage means is a liquid container according 

to claim 1 characterized by memorizing ink kind information. 

[Claim 9] The aforementioned ink kind information is a liquid container 

according to claim 8 characterized by being the information acquired using 

the liquid sensor. 

[Claim 10] The aforementioned storage means is a liquid container according 
to claim 4 to 7 characterized by storing the aforementioned detection 
property measure-oHnformation value after the aforementioned liquid use 
equipment is equipped with the aforementioned liquid container. 
[Claim 11] The aforementioned storage means is a liquid container according 
to claim 4 to 7 characterized by storing the aforementioned detection 
property measure -of-information value in the manufacture process of the 
aforementioned liquid container. 

[Claim 12] The aforementioned storage means is a liquid container according 
to claim 1 characterized by memorizing the information before consumption. 
[Claim 13] The aforementioned storage means is a liquid container according 
to claim 1 characterized by memorizing consumption variation information. 
[Claim 14] The aforementioned liquid sensor and the aforementioned storage 
means are a liquid container according to claim 1 characterized by being 
prepared on the same substrate. 

[Claim 15] The aforementioned substrate is a liquid container according to 
claim 14 characterized by being arranged near the feed hopper which 
supplies a liquid from the aforementioned liquid container. 
[Claim 16] The liquid container according to claim 14 or 15 characterized by 
equipping the aforementioned substrate with the attachment module object 
with which the aforementioned liquid sensor and the attachment structure 
were unified. 

[Claim 17] The liquid container according to claim 14 to 16 characterized by 
including the positioning structure of positioning the aforementioned 
substrate to the aforementioned liquid container. 

[Claim 18] The liquid container according to claim 1 to 17 characterized by 
detecting a liquid consumption state by the aforementioned liquid sensor 
based on change of an acoustic impedance. 

[Claim 19] The aforementioned liquid sensor is a liquid container according 
to claim 18 characterized by detecting a liquid consumption state based on 
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outputting the signal which shows a residual vibration state and a residual 

vibration state changing according to a liquid consumption state. 

[Claim 20] The aforementioned storage means is a liquid container according 

to claim 1 to 19 characterized by including semiconductor memory. 

[Claim 21] It is the liquid container characterized by being the ink cartridge 

by which an ink-jet recording device is equipped with the aforementioned 

liquid container in a liquid container according to claim 1 to 20. 

[Claim 22] The aforementioned storage means is a liquid container according 

to claim 1 characterized by the ability to rewrite. 

[Claim 23] The aforementioned storage means is a liquid container according 
to claim 1 characterized by being attached in a liquid container at one. 
[Claim 24] The aforementioned storage means is a liquid container according 
to claim 1 characterized by memorizing the information about ink. 
[Claim 25] Liquid detection equipment characterized by having a substrate, 
the sensor with which have a piezoelectric device and the 1st position of the 
aforementioned substrate is equipped, and the storage means with which the 
2nd position of the aforementioned substrate is equipped. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is detecting 
change of an acoustic impedance, and it is detecting change of resonance 
frequency also especially in it. It is related with the liquid container 
equipped with the piezo-electric equipment for detecting the consumption 
state of the liquid in the liquid container which holds a liquid, in more detail 
Make the ink of a pressure generating room correspond to print data by the 
pressure generating means, pressurize, and it prepares for the ink cartridge 
applied to the ink-jet recording device which is made to breathe out an ink 
drop and is printed from nozzle opening. It is related with the piezo-electric 
equipment which detects the consumption state of the ink in an ink cartridge. 
[0002] 

[Description of the Prior Art] As a liquid container to which this invention is 
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applied, it explains taking the case of the ink cartridge with which an ink-jet 
formula recording device is equipped. Generally the ink-jet recording device 
is equipped with the carriage with which the ink-jet formula recording head 
equipped with a pressure generating means to pressurize a pressure 
generating room, and nozzle opening which carries out the regurgitation of 
the pressurized ink as an ink drop from nozzle opening was carried, and the 
ink tank which holds the ink supplied to a recording head through passage, 
and it is constituted so that continuation printing may be possible. When ink 
is consumed, as for an ink tank, what is constituted as a removable cartridge 
to the recording device is common so that a user can exchange easily. 
[0003] The method of software integrating conventionally the number of 
counts of the ink drop breathed out by the recording head and the amount of 
ink attracted at the maintenance process of a print head as a management 
method of ink consumption of an ink cartridge, being on calculation, and 
managing ink consumption, the method of managing ink consumption by 
detecting the time of specified quantity consumption of the ink actually being 
carried out by attaching two electrodes for direct oiMevel detection in an ink 
cartridge, etc. were learned. 

[0004] However, the method of software integrating the number of 
regurgitation and the attracted amount of ink of an ink drop, and being on 
calculation and managing ink consumption By the operating environment, 
for example, by the difference between the height of the temperature of the 
use interior of a room, or humidity, the elapsed time after opening of an ink 
cartridge, and the operating frequency in a user side etc. The pressure in an 
ink cartridge and the viscosity of ink changed, and there was a problem that 
the error which cannot be disregarded between the ink consumption on 
calculation and actual consumption will arise. Moreover, since the integrated 
counted value will once be reset when the same cartridge is once demounted 
and it equips with it again, there was also a problem that an actual ink 
residue completely will not be clear anymore. 

[0005] Since the method of on the other hand managing the time of ink being 
consumed by the electrode can detect the amount of real of one point with ink 
consumption, it can manage an ink residue with high reliability. However, in 
order to detect the oil level of ink, ink must be conductivity and the kind of 
ink therefore used will be limited. Moreover, there is a problem which the 
fluid-tight structure between an electrode and an ink cartridge complicates. 
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Furthermore, as a material of an electrode, usually, since conductivity used 
noble metals also with a corrosion resistance it is good and high, the problem 
that the manufacturing cost of an ink cartridge increased also had it. 
Furthermore, since it was necessary to equip somewhere else of an ink 
cartridge with two electrodes, respectively, the manufacturing process 
increased and there was also a problem that a manufacturing cost will 
increase as a result. 



[Problem(s) to be Solved by the Invention] Then, this invention aims at 
offering the liquid container which could detect correctly the consumption 
state of a liquid which can solve the above-mentioned technical problem, and 
made complicated seal structure unnecessary. Moreover, other purposes of 
this invention are to offer the ink cartridge which could detect the 
consumption state of ink correctly and made complicated seal structure 
unnecessary. 

[0007] this invention improves such detection technology while offering the 
technology of detecting a liquid residue especially using vibration, this 
invention enables suitable use of a detection result, and enables 
improvement in detection precision. In addition, this invention is not limited 
to an ink cartridge, but can be applied also to liquid detection of other liquid 
containers. 

[0008] The above-mentioned purpose is attained by the combination of the 
feature given in the independent term in a claim. Moreover, a subordinate 
term specifies the further advantageous example of this invention. 
[0009] 

[Means for Solving the Problem] The mode with this invention is a liquid 
container with which liquid use equipment is equipped. Typically, liquid use 
equipment is an ink-jet recording device, and a liquid container is an ink 
cartridge. The liquid container of this invention is equipped with the liquid 
sensor which has a piezoelectric device, and a storage means. Preferably, the 
detecting signal which shows vibration of the piezoelectric device according 
to the consumption state of the liquid in a container is generated. A storage 
means memorizes the information about a liquid container. A storage means 
is consumption information memory preferably, consumption information 
memory can be rewritten and the consumption related information relevant 
to the detection of a consumption state using the liquid sensor is memorized. 



[0006] 
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By using a piezoelectric device, there is also no liquid spill and a 
consumption state can be detected appropriately. By having had the storage 
means related with a piezoelectric device, consumption related information 
required of the liquid container can be given to each liquid container. 
[0010] The consumption status information acquired using the 
aforementioned liquid sensor is sufficient as consumption related 
information. For example, suppose that the liquid container was removed 
from liquid use equipment where a liquid is consumed to the middle. When 
again equipped with the liquid container, or when another equipment is 
equipped, a consumption state can be read and used from a storage means. 
That is, it is avoidable that a detection result is lost in connection with the 
desorption of a container. And a user is told about a consumption state or 
control based on a consumption state can be performed. Thus, according to 
this invention, suitable use of a detection result is attained. In addition to 
the consumption state which the liquid sensor detected, a storage means 
may memorize the consumption state presumed from the amount of 
printings. 

[0011] Moreover, the detection property information used when acquiring a 
consumption situation using a liquid sensor is sufficient as consumption 
related information, and it is information which should be preferably 
detected according to a consumption state. Based on detection property 
information, a consumption state is detected using a liquid sensor, the 
information detection property information indicates an acoustic impedance 
to be - the information on resonance frequency is preferably sufficient For 
example, the control computer of an ink-jet recording device carries out a 
detection processing facility more. This control computer should just receive 
detection property information from a cartridge at the time of wearing of an 
ink cartridge. 

[0012] this invention is especially advantageous to a difference of the 
detection property of each liquid container. With dispersion in a container 
configuration, or other various factors, the detection property of the sensor 
with which the liquid container was equipped changes for every container. 
Then, preferably, a detection property peculiar to each container is measured, 
and it is stored in a storage means. By using this detection property, the 
influence by dispersion in the property between containers can be reduced, 
and detection precision can be improved. 
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[0013] The front [ consumption ] detection property information which shows 
the detection properties (acoustic impedance etc.) before starting 
consumption of the liquid in a liquid container is sufficient as detection 
property information. Moreover, the after [ consumption ] detection property 
information which shows the detection property of the schedule detected 
when a liquid is consumed to predetermined detection goals is sufficient as 
detection property information. Of course, you may memorize both the 
detection property information before consumption, and the detection 
property information after consumption. 

[0014] A storage means (consumption information memory) may store a 
detection property measure-of-information value, after the equipment which 
uses the liquid of a liquid container is equipped with a liquid container. For 
example, when an ink-jet recording device is equipped with an ink cartridge, 
a liquid sensor is used immediately after it and an acoustic impedance is 
detected. The measured value is stored in consumption information memory, 
and after the ink beginning of using is used as detection property 
information. The detection property prepared beforehand may be corrected 
based on measured value. By such early adjustment, dispersion based on the 
individual difference of a container can be absorbed appropriately, and 
improvement in detection precision can be aimed at. 

[0015] A storage means (consumption information memory) may store a 
detection property measure-of-information value in the manufacture process 
of a liquid container. Since measured value is calculated in manufacture 
process, the measured value of the detection property before liquid pouring is 
also obtained. Both or one side of the detection property information before 
consumption and the detection property information after consumption is 
easily storable. 

[0016] A storage means may memorize the information before consumption. 
A storage means may memorize consumption variation information. 
[0017] A storage means may memorize the information about ink. A storage 
means may memorize ink kind information. The information acquired using 
the liquid sensor is sufficient as ink kind information. 

[0018] The liquid sensor and the storage means may be arranged in the place 
where it differs on a liquid container. Both composition may be arranged in a 
different place on the same wall surface on a liquid container. Both 
composition may be arranged at the wall surface from which a liquid 
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container differs, respectively. The wall surface in which a liquid sensor is 
installed may lie at right angles to the wall surface in which a storage means 
(consumption information memory) is installed. 

[0019] You may have the liquid sensor and the storage means in the center of 
the container cross direction. Both composition of both is near the feed 
hopper which supplies a liquid from a liquid container, and you may have it 
in the center of the container cross direction. The advantage that a position 
gap of the liquid sensor to the inclination of the container at the time of 
wearing and memory can be made small is acquired. Furthermore, a position 
gap of a liquid sensor and memory can be made small using the positioning 
composition of a feed hopper. 

[0020] It may be prepared on the substrate (consumption detection 
substrate) with same liquid sensor and storage means. Attachment of a 
liquid sensor and memory is easy. A substrate is near the feed hopper which 
supplies a liquid from a liquid container, may be arranged in the center of 
the container cross direction, and can make a position gap small as 
mentioned above. 

[0021] Moreover, the substrate may be equipped with the attachment 
module object with which a liquid sensor and the attachment structure were 
unified. A liquid sensor can be protected from the exterior. Moreover, 
attachment can become easy, work can be simplified and reduction of cost 
can be aimed at. 

[0022] The positioning structure of positioning a substrate to a liquid 
container may be established. Attaching position precision can be improved. 
[0023] Based on change of the acoustic impedance accompanying liquid 
consumption, a consumption state is detected preferably. The 
aforementioned liquid sensor may output the signal which shows the 
residual vibration state after generating vibration. A liquid consumption 
state is detected based on a residual vibration state changing according to a 
liquid consumption state. 

[0024] Moreover, the aforementioned liquid sensor may generate the 
detecting signal according to the reflected wave to the aforementioned elastic 
wave while generating an elastic wave toward the interior of the 
aforementioned liquid container. 

[0025] Semiconductor memory like EEPROM is sufficient as a storage means. 
[0026] Another mode of this invention is liquid detection equipment. Liquid 
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detection equipment has a liquid sensor and a storage means. A liquid sensor 
has a piezoelectric device. The detecting signal which shows vibration of the 
piezoelectric device according to the consumption state of the liquid in a 
liquid container is generated. A storage means can be rewritten and the 
consumption related information relevant to the detection of a consumption 
state using the aforementioned liquid sensor is memorized. 
[0027] A liquid container does not need to be equipped with both a liquid 
sensor, and both [ one side or ] in this mode. Moreover, even if the detection 
processing facility using the liquid sensor is arranged at the external 
equipment connected even if arranged at liquid use equipment and it is 
arranged at a liquid container, it may be divided into two or more places. 
[0028] For example, a liquid container is equipped with a liquid sensor and 
memory and a detection processing facility presuppose that it prepared for 
liquid use equipment. A detection processing facility discriminates a liquid 
container, and it uses the consumption related information corresponding to 
the liquid container, reading it from a storage means. 

[0029] Another mode of this invention is a liquid consumption detection 
substrate used in order to detect the consumption state of the liquid in a 
liquid container, and has a sensor and a storage means. 

[0030] In addition, the outline of the above-mentioned invention is not what 
enumerated all the required features of this invention, and the sub 
combination of these characterizing group may also be invented. 
[0031] 

[Embodiments of the Invention] Although this invention is hereafter 
explained through the gestalt of implementation of invention, not all the 
combination of the feature of the following operation gestalten that do not 
limit invention concerning a claim and are explained in the operation gestalt 
is necessarily indispensable for the solution means of invention. 
[0032] First, the principle of this operation gestalt is explained. With the 
gestalt of this operation, this invention is applied to the technology of 
detecting the ink consumption state in an ink container. The consumption 
state of ink is detected using the liquid sensor which has a piezoelectric 
device. A liquid sensor generates the detecting signal which shows vibration 
of the piezoelectric device according to the ink consumption state. 
[0033] In addition to a liquid sensor, as a feature of the gestalt of this 
operation, consumption information memory is prepared in an ink cartridge. 
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Consumption information memory is one gestalt of the storage means for the 
liquid containers of this invention. Consumption information memory can be 
rewritten and the consumption related information relevant to the detection 
of a consumption state using the liquid sensor is memorized. By having had 
consumption information memory, consumption related information 
required of the liquid container can be given to each liquid container. 
[0034] Consumption related information is the consumption status 
information acquired for example, using the liquid sensor. An ink cartridge 
is removed from an ink-jet recording device, and presupposes that it is 
equipped again. Since consumption status information is held at memory, 
disappearance of consumption status information is avoided. Consumption 
status information is read from memory at the time of wearing, and can be 
used for it. 

[0035] Moreover, the information on the detection property which should be 
detected according to the consumption state of a liquid is sufficient as 
consumption related information. Detection property information is 
information which shows the acoustic impedance for example, according to 
the ink consumption state. This detection property information is read and it 
is used for detection of a consumption state. According to this gestalt, ink-jet 
equipment does not need to have detection property information. It can be 
coped with suitable also for change of the detection property by the design 
change of a cartridge. 

[0036] The gestalt of this operation is advantageous to the individual 
differences of an ink cartridge. It originates in manufacture dispersion of a 
cartridge etc. and detection properties differ little by little for every cartridge. 
By storing the detection property of each cartridge in consumption 
information memory, the influence by individual differences can be reduced 
and improvement in detection precision can be aimed at. 

[0037] Furthermore, consumption information memory memorizes the 
information about ink as a storage means of this invention. A storage means 
memorizes ink kind information etc. Moreover, this storage means 
memorizes other information, such as the date of manufacture, cleaning 
sequence information, and image-processing information. 
[0038] Below, with reference to a drawing, this operation gestalt is explained 
more concretely. First, the foundations of the technology of detecting ink 
consumption based on vibration using piezo- electric equipment are explained. 
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Various application of detection technology is explained following this. In the 
gestalt of this operation, the ink cartridge has a liquid sensor and 
consumption information memory. It continues and the detail of related 
matters is explained to consumption information memory with reference to 
drawing 47 . 

[0039] In the form of this operation, a liquid sensor specifically consists of 
piezo-electric equipment. In the following explanation, an "actuator" and a 
"elastic-wave generating means" are equivalent to a liquid sensor. Moreover, 
consumption information memory is semiconductor memory (semiconductor 
storage means). 

[0040] The fundamental concept of a "cartridge which detects ink 
consumption" this invention is using an oscillating phenomenon, and is 
detecting the state (the existence of the liquid in a liquid container, the 
amount of a liquid, the water level of a liquid, the kind of liquid, and 
composition of a liquid being included) of the liquid in a liquid container. It 
crawls as detection of the state of the liquid in the liquid container using the 
concrete oscillating phenomenon, and the method of shoes can be considered. 
For example, an elastic-wave generating means generates an elastic wave to 
the interior of a liquid container, and there is a method of detecting the 
medium in a liquid container and change of the state by receiving the 
reflected wave reflected with an oil level or the wall which counters. 
Moreover, there is also the method of detecting change of an acoustic 
impedance apart from this from the oscillation characteristic of the vibrating 
body. As a method of using change of an acoustic impedance By vibrating the 
oscillating section of the piezo-electric equipment or the actuator which has a 
piezoelectric device, and measuring the counter-electromotive force produced 
by the residual vibration which remains in the oscillating section after that 
The method of detecting change of an acoustic impedance by detecting 
resonance frequency or a counter-electromotive-force wave amplitude, The 
impedance characteristic or admittance property of a liquid is measured with 
impedance analyzers, such as a measurement machine, for example, a 
propagation circuit etc., and there is the method of measuring change by the 
frequency of the current value when giving current value, a voltage value 
change, or vibration to a liquid or a voltage value. About the detail of the 
principle of operation of an elastic-wave generating means and piezo-electric 
equipment, or an actuator, it mentions later. 
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[0041] Drawing 1 is the cross section of the monochrome to which this 
invention is applied, for example, 1 operation form of the ink cartridge for 
black ink. The ink cartridge of drawing 1 is based on the method of receiving 
the reflected wave of an elastic wave of the methods explained above, and 
detecting the position of the oil level in a liquid container, and the existence 
of a liquid. The elastic-wave generating means 3 is used as a means to 
generate an elastic wave and to receive again. The ink feed hopper 2 joined to 
the ink supply needle of a recording device is formed in the container 1 which 
holds ink. It is attached in the outside of base la of a container 1 so that the 
elastic-wave generating means 3 can transmit an elastic wave to internal ink 
through a container. When Ink K becomes the stage all consumed mostly, i.e., 
an ink near end, the elastic-wave generating means 3 is formed in the 
position of the some upper part rather than the ink feed hopper 2 for transfer 
of an elastic wave to change into a gas from ink. In addition, a receiving 
means may be established independently and the elastic-wave generating 
means 3 may only be used as a generating means. 

[0042] Packing 4 and the valve element 6 are formed in the ink feed hopper 2. 
the ink supply needle 32 which packing 4 opens for free passage to a 
recording head 31 as shown in drawing 3 , and liquid - it is engaged densely 
The valve element 6 is always ****(ed) by the spring 5 to packing 4. If the ink 
supply needle 32 is inserted, a valve element 6 will be pushed on the ink 
supply needle 32, ink passage will be opened wide, and the ink in a container 
1 will be supplied to a recording head 31 through the ink feed hopper 2 and 
the ink supply needle 32. It is equipped with a semiconductor storage means 
7 by which the information about the ink in an ink cartridge was stored, on 
the upper wall of a container 1. 

[0043] Drawing 2 is the perspective diagram seen from the background 
which shows one example of the ink cartridge which holds two or more kinds 
of ink. A container 8 is divided into three ink rooms 9, 10, and 11 by the 
septum. The ink feed hoppers 12, 13, and 14 are formed in each ink room. 
The elastic-wave generating meanses 15, 16, and 17 are attached in base 8a 
of each ink room 9, 10, and 11 so that an elastic wave can be transmitted to 
the ink held in each ink interior of a room through the container 8. 
[0044] Drawing 3 is the cross section showing the operation form of the 
important section of the ink-jet recording device suitable for the ink 
cartridge shown in drawing 1 and 2. The carriage 30 which can reciprocate 
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crosswise [ of a record form ] is equipped with the sub tank unit 33, and the 
recording head 31 is formed in the undersurface of the sub tank unit 33. 
Moreover, the ink supply needle 32 is formed in the ink cartridge loading 
side side of the sub tank unit 33. 

[0045] Drawing 4 is the cross section showing the detail of the sub tank unit 
33. The sub tank unit 33 has the ink supply needle 32, the ink room 34, **** 
36, and a filter 37. In the ink room 34, the ink supplied through the ink 
supply needle 32 from an ink cartridge is held. **** 36 is designed so that it 
may open and close by the pressure differential between the ink room 34 and 
the ink supply way 35. The ink supply way 35 is open for free passage to the 
recording head 31, and has the structure where ink is supplied to a recording 
head 31. 

[0046] If the ink feed hopper 2 of a container 1 is inserted in the ink supply 
needle 32 of the sub tank unit 33 as shown in drawing 3 , a valve element 6 
will resist a spring 5, and will retreat, ink passage will be formed, and the 
ink in a container 1 will flow into the ink room 34. Record operation is 
performed, after making negative pressure act on nozzle opening of a 
recording head 31 and filling up ink into a recording head 31 with the stage 
where the ink room 34 was filled up with ink. 

[0047] If ink is consumed by record operation in a recording head 31, since 
the pressure of the downstream of **** 36 will decline, as shown in drawing 
4 , **** 36 separates and opens from a valve element 38. When **** 36 opens, 
the ink of the ink room 34 flows into a recording head 31 through the ink 
supply way 35. The ink of a container 1 flows into the sub tank unit 33 
through the ink supply needle 32 with the inflow of the ink to a recording 
head 31. 

[0048] During the period of a recording device of operation, a driving signal 
is supplied to the elastic-wave generating means 3 the timing of the 
detection set up beforehand, for example, a fixed period. The elastic wave 
generated by the elastic-wave generating means 3 spreads base la of a 
container 1, is transmitted to ink and spreads ink. 

[0049] A residue detection function can be given to the ink cartridge itself by 
sticking the elastic* wave generating means 3 on a container 1. Since the 
embedding of the electrode for oil-level detection at the time of fabrication of 
a container 1 becomes unnecessary according to this invention, an 
injection-molding process is simplified, the liquid spill from an electrode 



13/76 



Japanese Publication n«r: 2001-147146 



imbedding field is lost, and the reliability of an ink cartridge can be improved. 
[0050] Drawing 5 shows the manufacture method of the elastic-wave 
generating meanses 3, 15, 16, and 17. The fixed substrate 20 is formed of 
material, such as a ceramic which can be calcinated. First, as shown in 
drawing 5 (I), the electrical-conducting-material layer 21 used as one 
electrode is formed in the front face of the fixed substrate 20. Next, as shown 
in drawing 5 (II), the green sheet 22 of piezoelectric material is put on the 
front face of the electrical-conducting-material layer 21. Next, as shown in 
drawing 5 (III), after fabricating a green sheet 22 in a predetermined 
configuration with a press etc. at the configuration of vibrator and carrying 
out after an air drying, it calcinates with burning temperature, for example, 

1200 degreeC. Next, as shown in drawing _5 (IV), the 

electrical-conducting-material layer 23 used as the electrode of another side 
is formed in the front face of a green sheet 22, and it polarizes possible 
[ flexural oscillation ]. Finally, as shown in drawing 5 (V), the fixed substrate 
20 is cut for every element. By fixing the fixed substrate 20 to the 
predetermined field of a container 1 with adhesives etc., the elastic-wave 
generating means 3 is fixed to the predetermined field of a container 1, and 
ink car TOJJI with a residue detection function is completed. 
[0051] Drawing 6 shows other operation forms of the elastic-wave generating 
means 3 shown in drawing 5 . In the example of drawing 5 , the 
electrical-conducting-material layer 21 is used as a connection electrode. On 
the other hand, in the example of drawing 6 , the end-connection children 
21a and 23a are formed in an upper position with solder etc. rather than the 
front face of the piezoelectric-material layer constituted by the green sheet 
22. By the end-connection children 21a and 23a, direct mounting to the 
circuit board of the elastic-wave generating means 3 is attained, and leading 
about of lead wire becomes unnecessary. 

[0052] By the way, an elastic wave is a kind of the wave which can spread a 
gas, a liquid, and a solid-state as a medium. Therefore, the wavelength, an 
amplitude, a phase, vibration frequency, propagation, propagation velocity, 
etc. of an elastic wave change with change of a medium. On the other hand, 
also in the reflected wave of an elastic wave, the state and property of the 
wave change with change of a medium. Therefore, it becomes possible to get 
to know the state of the medium by using the reflected wave which changes 
with change of the medium which an elastic wave spreads. In detecting the 
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state of the liquid in a liquid container by this method, it uses for example, 
an elastic-wave transmitter-receiver. If it explains taking the case of the 
form of drawing 1 - drawing 3 , a transmitter-receiver will give an elastic 
wave first to a medium, for example, a liquid, or a liquid container, and the 
elastic wave spreads the inside of a medium, and reaches on the surface of a 
liquid. Since it has the boundary of a liquid and a gas on the surface of a 
liquid, a reflected wave is returned to a transmitter-receiver. A 
transmitter-receiver can receive a reflected wave and can measure the 
distance of a transmitter or a receiver, and the front face of a liquid from the 
attenuation factor of the amplitude of the elastic wave which the traffic time 
and the transmitter of the reflected wave generated, and the reflected wave 
which the front face of a liquid reflected etc. The state of the liquid in a liquid 
container is detectable using this. The elastic-wave generating means 3 may 
be used as a transmitter-receiver in the method of using the reflected wave 
by change of the medium which an elastic wave spreads as a simple 
substance, and may equip with the receiver of exclusive use independently. 
[0053] As described above, the arrival time to the elastic-wave generating 
means 3 of the reflected wave which produces the elastic wave which is 
generated by the elastic-wave generating means 3, and spreads the inside of 
ink liquid on an ink liquid front face with the density and oil-level level of ink 
liquid changes. Therefore, when composition of ink is fixed, the arrival time 
of the reflected wave produced on an ink liquid front face is influenced by the 
amount of ink. Therefore, the amount of ink is detectable by detecting time 
after the elastic-wave generating means 3 generates an elastic wave until 
the reflected wave from an ink front face reaches the elastic-wave generating 
means 3. Moreover, since an elastic wave vibrates the particle contained in 
ink, it contributes to preventing precipitation of a pigment etc. in the case of 
the ink of the pigment system which used the pigment as a coloring agent. 
[0054] When the ink of an ink cartridge decreases in number to ink and near 
by printing operation or maintenance operation and it becomes impossible 
for the elastic-wave generating means 3 to receive a reflected wave by 
forming the elastic- wave generating means 3 in a container 1, it can judge 
with it being an ink near end, and exchange of an ink cartridge can be urged. 
[0055] Drawing 7 shows other examples of the ink cartridge of this invention. 
An interval is prepared in the vertical direction and two or more elastic-wave 
generating meanses 41 44 are established on the side attachment wall of a 
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container 1. The ink cartridge of drawing 7 can detect the existence of the ink 
in the level of the wearing position of each elastic-wave generating means 
41-44 by whether ink exists in each position of the elastic wave generating 
meanses 41*44. For example, when the water level of ink is the level between 
the elastic-wave generating meanses 44 and 43, it will detect, if the 
elastic-wave generating means 44 does not have ink, and since it will detect 
if the elastic- wave generating meanses 41, 42, and 43 have ink, it turns out 
that the water level of ink is the level between the elastic-wave generating 
meanses 44 and 43. Therefore, an ink residue is gradually detectable by 
establishing two or more elastic-wave generating meanses 41-44. 
[0056] Drawing 8 and drawing 9 show the example of further others of the 
ink cartridge of this invention, respectively. In the example shown in 
drawing 8 , base la aslant formed in the vertical direction is equipped with 
the elastic-wave generating means 65. Moreover, in the example shown in 
drawing 9 , the elastic-wave generating means 66 prolonged for a long time 
perpendicularly is established near the base of side-attachment-wall lb. 
[0057] If according to the example of drawing 8 and drawing 9 ink is 
consumed and a part of elastic-wave generating meanses 65 and 66 come to 
be exposed from an oil level, the arrival time and the acoustic impedance of a 
reflected wave of an elastic wave which the elastic-wave generating meanses 
65 and 66 generated will change continuously corresponding to the change 
delta hi and delta h2 of an oil level. Therefore, ink and the process of until 
are correctly detectable from the ink near end state of an ink residue by 
detecting the arrival time of the reflected wave of an elastic wave, or the 
degree of change of an acoustic impedance. 

[0058] In addition, the example was taken and explained to the ink cartridge 
of form which holds ink in a liquid container directly in the above-mentioned 
example. As other operation forms of an ink cartridge, it may load with a 
porosity elastic body into a container 1, and the ink cartridge of form into 
which liquid ink is infiltrated at a porosity elastic body may be equipped 
with an above-mentioned elastic-wave generating means. Moreover, 
although enlargement of a cartridge is suppressed by using an oscillated 
type piezoelectric transducer in an above-mentioned example, it is also 
possible to use a longitudinal-oscillation type piezoelectric transducer. 
Furthermore, in an above-mentioned example, an elastic wave is 
transmitted by the same elastic-wave generating means, and waves are 
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received. As other operation forms, you may detect an ink residue using an 
elastic-wave generating means which is different by the object for wave 
transmission, and the object for wave-receiving. 

[0059] Drawing 10 shows the example of further others of the ink cartridge of 
this invention. An interval is prepared in the vertical direction and two or 
more elastic-wave generating meanses 65a, 65b, and 65c are formed in the 
container 1 at base la aslant formed in the vertical direction. According to 
this example, the arrival time of the reflected wave of the elastic wave to 
each elastic-wave generating means 65a, 65b, and 65c in the level of the 
wearing position of each elastic-wave generating means 65a, 65b, and 65c 
differs by whether ink exists in each position of two or more elastic-wave 
generating meanses 65a, 65b, and 65c. Therefore, the existence of the ink in 
the level of the wearing position of each elastic-wave generating means 65a, 
65b, and 65c is detectable by scanning each elastic-wave generating means 
65, and detecting the arrival time of the reflected wave of the elastic wave in 
the elastic-wave generating meanses 65a, 65b, and 65c. Therefore, an ink 
residue is gradually detectable. For example, when an ink oil level is the 
level between elastic-wave generating means 65b and elastic-wave 
generating means 65c, elastic-wave generating means 65c detects those 
without ink, and, on the other hand, the elastic-wave generating meanses 
65b and 65a are detected with those with ink. By carrying out comprehensive 
evaluation of these results, it turns out that the ink oil level is located 
between elastic-wave generating means 65b and elastic-wave generating 
means 65c. 

[0060] Drawing 11 shows the operation form of further others of the ink 
cartridge of this invention. In order to raise the intensity of the reflected 
wave from an oil level, the ink cartridge of drawing 11 attached the plate 67 
in float 68, and is wearing the ink oil level. A plate 67 has a high acoustic 
impedance, and it is formed of the plate of a material equipped with 
ink-proof nature, for example, a ceramic. 

[0061] Drawing 12 shows other operation forms of an ink cartridge shown in 
drawing 11 . Like the ink cartridge of drawing 11 , in order to raise the 
intensity of the reflected wave from an oil level, the ink cartridge of drawing 
12 attached the plate 67 in float 68, and is wearing the ink oil level. The 
elastic-wave generating means 65 is fixed to base la by which drawing 12 (A) 
was aslant formed in the vertical direction. If an ink residue decreases and 
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the elastic-wave generating means 65 is exposed from an oil level, since the 
arrival time to the elastic-wave generating means 65 of the reflected wave of 
the elastic wave which the elastic-wave generating means 65 generated will 
change, the existence of the ink in the level of the wearing position of the 
elastic-wave generating means 65 is detectable. Since base la aslant formed 
in the vertical direction is equipped with the elastic-wave generating means 
65 and ink is somewhat left behind in the container 1 after the elastic-wave 
generating means 65 detects having no ink, the ink residue at the ink near 
end time is detectable. 

[0062] Drawing 12 (B) prepares an interval in the vertical direction at base 
la aslant formed in the vertical direction, and two or more elastic- wave 
generating meanses 65a, 65b, and 65c are formed in the container 1. 
According to the example of drawing 12 (B), the arrival time to the 
elastic-wave generating meanses 65a, 65b, and 65c of the reflected wave in 
the level of the wearing position of each elastic-wave generating means 65a, 
65b, and 65c differs by whether ink exists in each position of two or more 
elastic-wave generating meanses 65a, 65b, and 65c. Therefore, the existence 
of the ink in the level of the wearing position of each elastic-wave generating 
means 65a, 65b, and 65c is detectable by scanning each elastic-wave 
generating means 65, and detecting the arrival time of the reflected wave in 
each elastic-wave generating means. For example, when an ink oil level is 
the level between elastic-wave generating means 65b and elastic-wave 
generating means 65c, elastic* wave generating means 65c detects those 
without ink, and, on the other hand, the elastic-wave generating meanses 
65b and 65a are detected with those with ink. By carrying out comprehensive 
evaluation of these results, it turns out that the ink oil level is located 
between elastic-wave generating means 65b and elastic-wave generating 
means 65c. 

[0063] Drawing 13 shows the operation gestalt of further others of the ink 
cartridge of this invention. The ink absorber 74 is arranged so that at least a 
part may counter breakthrough lc by which the ink cartridge shown in 
drawing 13 (A) was prepared in the interior of a container 1. The 
elastic-wave generating means 70 is fixed to base la of a container 1 so that 
breakthrough lc may be countered. The ink cartridge shown in drawing 13 
(B) is made to counter lh of slots opened for free passage and formed in 
breakthrough lc, and the ink absorber 75 is arranged. 
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[0064] If according to the operation gestalt shown in drawing 13 the ink in a 
container 1 is consumed and the ink absorbers 74 and 75 are exposed from 
ink, the ink of the ink absorbers 74 and 75 will flow out with a self- weight, 
and will supply ink to a recording head 31. If all ink is consumed, since the 
ink absorbers 74 and 75 suck up the ink which remains in breakthrough lc, 
ink will be completely discharged from the crevice of breakthrough lc. 
Therefore, since the state of the reflected wave of the elastic wave which the 
elastic-wave generating means 70 generated at ink and the time changes, an 
ink end can be detected still more certainly. 

[0065] Drawing 14 shows the flat surface of the operation gestalt of further 
others of breakthrough lc. As shown in (C) from drawing 14 (A), respectively, 
if the flat-surface configuration of breakthrough lc is a configuration where 
an elastic-wave generating means can be attached, it is good in the 
configurations where circular, a rectangle, a triangle, etc. are arbitrary. 
[0066] Drawing 15 shows the cross section of other operation gestalten of the 
ink-jet recording device of this invention. Drawing 15 (A) shows the cross 
section of only an ink-jet recording device. Drawing 15 (B) shows a cross 
section when an ink-jet recording device is equipped with an ink cartridge 
272. The carriage 250 which can reciprocate crosswise [ of an ink-jet record 
form ] has a recording head 252 on the inferior surface of tongue. Carriage 
250 has the sub tank unit 256 on the upper surface of a recording head 252. 
The sub tank unit 256 has the same composition as the sub tank unit 33 
shown in drawing 6 . The sub tank unit 256 has the ink supply needle 254 in 
the loading side side of an ink cartridge 272. Carriage 250 has heights 258 so 
that the field in which an ink cartridge 272 is carried may be countered at 
the pars basilaris ossis occipitalis of an ink cartridge 272. Heights 258 have 
the elastic-wave generating meanses 260, such as a piezoelectric transducer. 
[0067] Drawing 16 shows the operation form of the ink cartridge suitable for 
the recording device shown in drawing 15 . Drawing 16 (A) shows 
monochrome, for example, the operation form of the ink cartridge for black 
ink. The ink cartridge 272 of this operation form has the container 274 which 
holds ink, and the ink feed hopper 276 joined to the ink supply needle 254 of 
a recording device. A container 274 has the crevice 278 which engages with 
base 274a with heights 258. A crevice 278 holds the ultrasonic transfer 
material 280, for example, gelling material. 

[0068] The ink feed hopper 276 has packing 282, a valve element 286, and a 
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spring 284. packing 282 - the ink supply needle 254 and liquid - it is 
engaged densely A valve element 286 is always ****(ed) by packing 282 with 
a spring 284. If the ink supply needle 254 is inserted in the ink feed hopper 
276, a valve element 286 will be pushed on the ink supply needle 254, and 
ink passage will be opened. The upper part of a container 274 is equipped 
with a semiconductor storage means 288 by which the information about the 
ink of an ink cartridge 272 etc. was stored. 

[0069] Drawing 16 (B) shows the operation form of the ink cartridge which 
holds two or more sorts of ink. A container 290 is divided into two or more 
fields 292, 294, and 296, i.e., three ink rooms, by the wall. Each ink room 292, 
294, and 296 has the ink feed hoppers 298,300 and 302. The gelling material 
304, 306, and 308 for transmitting the elastic wave which the elastic-wave 
generating means 260 generated to the field which counters each ink rooms 
292, 294, and 296 of base 290a of a container 290 is held in the tubed crevices 
310, 312, and 314. 

[0070] Since a valve element 286 will resist a spring 284, will retreat and ink 
passage will be formed if the ink feed hopper 276 of an ink cartridge 272 is 
inserted in the ink supply needle 254 of the sub tank unit 256 as shown in 
drawing 15 (B), the ink in an ink cartridge 272 flows into the ink room 262. 
Record operation is performed, after making negative pressure act on nozzle 
opening of a recording head 252 and filling up ink into a recording head 252 
with the stage where the ink room 262 was filled up with ink. If ink is 
consumed by record operation by the recording head 252, since the pressure 
of the downstream of **** 266 will decline, **** 266 separates and opens 
from a valve element 270. The ink of the ink room 262 flows into a recording 
head 252 by valve opening of **** 266. It accompanies to the inflow of the ink 
to a recording head 252, and the ink of an ink cartridge 272 flows into the 
sub tank unit 256. 

[0071] During the period of a recording device of operation, a driving signal 
is supplied to the elastic-wave generating means 260 the timing of the 
detection set up beforehand, for example, a fixed period. The elastic wave 
generated by the elastic-wave generating means 260 is emitted from heights 
258, spreads the gelling material 280 of base 274a of an ink cartridge 272, 
and is transmitted to the ink in an ink cartridge 272. Although the 
elastic-wave generating means 260 was formed in carriage 250 in drawing 
15 , you may establish the elastic-wave generating means 260 in the sub 
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tank unit 256. 

[0072] Since the elastic wave which the elastic-wave generating means 260 
generated spreads the inside of ink liquid, time for the reflected wave 
reflected by the oil level to arrive at the elastic-wave descendant means 260 
with the density of ink liquid or the oiHevel level of ink changes. Therefore, 
when composition of ink is fixed, the arrival time of the reflected wave 
produced on a liquid front face is influenced by only the amount of ink. 
Therefore, the amount of ink in an ink cartridge 272 is detectable by 
detecting time until the reflected wave from the ink liquid front face after 
excitation of the elastic-wave generating means 260 reaches the elastic-wave 
generating means 260. Moreover, since the elastic wave which the 
elastic-wave generating means 260 generates vibrates the particle contained 
in ink, it prevents precipitation of a pigment etc. 

[0073] When the ink in an ink cartridge 272 decreases in number to ink and 
near by printing operation or maintenance operation and it becomes 
impossible to receive the reflected wave from the ink liquid front face after 
elastic-wave generating by the elastic-wave generating means 260, it can 
judge with it being an ink near end, and exchange of an ink cartridge 272 can 
be urged. In addition, when not being equipped with the ink cartridge 272 as 
the convention at carriage 250, the propagation form of the elastic wave by 
the elastic-wave generating means 260 changes extremely. This can be used, 
when an extreme change of an elastic wave is detected, an alarm can be 
emitted, and check of an ink cartridge 272 can also be demanded from a user. 
[0074] The arrival time to the elastic-wave generating means 260 of the 
reflected wave of the elastic wave which the elastic-wave generating means 
260 generated is influenced with the density of the ink held in the container 
274. According to the kind of ink, since the densities of ink may differ, 
respectively, the data about the kind of ink held in ink car TORITSU 272 can 
be stored in the semiconductor storage means 288, and an ink residue can be 
detected more to accuracy by performing the detection sequence according to 
it. 

[0075] Drawing 17 shows other operation forms of the ink cartridge 272 of 
this invention. As for the ink cartridge 272 shown in drawing 17 , base 274a 
is aslant formed in the vertical direction. If the ink residue of the ink 
cartridge 272 of drawing 17 decreases and a part of irradiation field of the 
elastic wave of the elastic-wave generating means 260 is exposed from an ink 
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oil level, the arrival time to the elastic* wave generating means 260 of the 
reflected wave of the elastic wave which the elastic-wave generating means 
260 generated will change continuously corresponding to the change deltahl 
of an ink oil level, deltahl shows the difference of the height of base 274a in 
the ends of the gelling material 280. Therefore, ink and the process of until 
are correctly detectable from an ink near end state by detecting the arrival 
time to the elastic-wave generating means 260 of a reflected wave. 
[0076] Drawing 18 shows the ink cartridge 272 of this invention, and the 
operation form of further others of an ink-jet recording device. The ink-jet 
recording device of drawing 18 has heights 258 ? in side 274b by the side of 
the ink feed hopper 276 of an ink cartridge 272. Heights 258 1 contains 
elastic-wave generating means 260\ Gelling material 280' is prepared in side 
274b of an ink cartridge 272 so that it may engage with heights 258\ 
drawing 18 - an ink cartridge - 272 depending if — ink ■■ a residue -- 
decreasing - an elastic wave - generating -- a means - 260 - ' - an elastic 
wave -- irradiation - a field -- a part - an oil level - from - exposing - if-- an 
elastic wave -- generating a means - 260 - 1 having generated - an 
elastic wave — a reflected wave " an elastic wave -- generating a means - 
260 -- ' arrival - time - and - an acoustic impedance -- the change deltah2 
of an oil level deltah2 expresses the difference of the height of the upper limit 
of gelling material 280', and a soffit. Therefore, ink and the process of until 
are correctly detectable from an ink near end state by detecting the arrival 
time to elastic-wave generating means 260 1 of a reflected wave, or the degree 
of change of an acoustic impedance. 

[0077] In addition, the example was taken and explained to the ink cartridge 
of form which holds ink in a container 274 directly in the above-mentioned 
example. As other operation forms, a container 274 may be loaded with a 
porosity elastic body, and the elastic-wave generating means 260 may be 
applied to the ink cartridge of form which infiltrates ink into a porosity 
elastic body. Furthermore, in the above-mentioned example, when an ink 
residue was detected based on the reflected wave in an oil level, the elastic 
wave was transmitted and received by the same elastic-wave generating 
means 260 and 260'. this invention is not limited to this and may use an 
elastic wave generating means 260 which is different in wave transmission 
and wave-receiving of an elastic wave as other operation forms, respectively. 
[0078] Drawing 19 shows other operation forms of an ink cartridge 272 
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shown in drawing 16 . An ink cartridge 272 attaches a plate 316 in float 318, 
is wearing an ink oil level and raises the intensity of the reflected wave from 
an ink oil level. A plate 316 has a high acoustic impedance, and it is desirable 
to be formed with a material equipped with ink-proof nature, for example, a 
ceramic etc. 

[0079] Drawing 20 and drawing 21 show the detail and equal circuit of an 
actuator 106 which are 1 operation form of piezo-electric equipment. An 
actuator here is used for the method of detecting change of an acoustic 
impedance at least and detecting the consumption state of the liquid in a 
liquid container. It is used for the method of detecting change of an acoustic 
impedance at least and detecting the consumption state of the liquid in a 
liquid container because resonance frequency detects by residual vibration 
especially. Drawing 20 (A) is the expansion plan of an actuator 106. Drawing 

20 (B) shows the B-B cross section of an actuator 106. Drawing 20 (C) shows 
the OC cross section of an actuator 106. Furthermore, drawing 21 (A) and 
drawing 21 (B) show the equal circuit of an actuator 106. Moreover, drawing 

21 (C) and drawing 21 (D) show the circumference containing the actuator 
106 when ink is filled in the ink cartridge, respectively, and its equal circuit, 
and drawing 21 (E) and drawing 21 (F) show the circumference containing 
the actuator 106 in case there is no ink into an ink cartridge, respectively, 
and its equal circuit. 

[0080] The substrate 178 to which an actuator 106 has the opening 161 of a 
circle configuration in the center mostly, The diaphragm 176 arranged in one 
field (henceforth a front face) of a substrate 178 so that opening 161 may be 
covered, The piezo-electric layer 160 arranged at the front-face side of a 
diaphragm 176, and the up electrode 164 and the lower electrode 166 which 
inserts the piezo-electric layer 160 from both, It has the auxiliary electrode 
172 which is arranged between the up electrode terminal 168 electrically 
combined with the up electrode 164, the lower electrode terminal 170 
electrically combined with the lower electrode 166, and the up electrode 164 
and the up electrode terminal 168, and combines both electrically. The 
piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
have a circular portion as each principal part. Each circular portion of the 
piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
forms a piezoelectric device. 

[0081] A diaphragm 176 is formed in the front face of a substrate 178 so that 
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opening 161 may be covered. A cavity 162 is formed of the opening 161 of a 
diaphragm 176, the facing portion, and the opening 161 of the front face of a 
substrate 178. With the piezoelectric device of a substrate 178, the field 
(henceforth a rear face) of an opposite side faces the liquid-container side, 
and the cavity 162 is constituted so that a liquid may be contacted, even if a 
liquid enters in a cavity 162, a liquid does not leak to the front-face side of a 
substrate 178 - as - a diaphragm 176 - a substrate 178 •■ receiving - liquid 

it is attached densely 
[0082] The front face of a diaphragm 176, i.e., a liquid container, is located in 
the field of an opposite side, and the lower electrode 166 is attached so that 
the center of a circular portion and the center of opening 161 which are the 
principal part of the lower electrode 166 may be mostly in agreement. In 
addition, it is set up so that the area of the circular portion of the lower 
electrode 166 may become smaller than the area of opening 161. On the other 
hand, the piezo-electric layer 160 is formed in the front-face side of the lower 
electrode 166 so that the center of the circular portion and the center of 
opening 161 may be mostly in agreement. The area of the circular portion of 
the piezo-electric layer 160 is set up so that it may become larger than the 
area of the circular portion of the lower electrode 166 smaller than the area 
of opening 161. 

[0083] On the other hand, it is formed in the front-face side of the 
piezo-electric layer 160 so that the center of a circular portion and the center 
of opening 161 that the up electrode 164 is the principal part may be mostly 
in agreement. The area of the circular portion of the up electrode 164 is set 
up so that it may become larger than the area of the circular portion of the 
lower electrode 166 smaller than the area of the circular portions of opening 
161 and the piezo-electric layer 160. 

[0084] Therefore, the principal part of the piezo-electric layer 160 has 
structure inserted and crowded from a front-face and rear-face side, 
respectively by the principal part of the up electrode 164, and the principal 
part of the lower electrode 166, and can carry out the deformation drive of 
the piezo-electric layer 160 effectively. The circular portion which is each 
principal part of the piezo-electric layer 160, the up electrode 164, and the 
lower electrode 166 forms the piezoelectric device in an actuator 106. The 
piezoelectric device is in contact with the diaphragm 176 as mentioned above. 
Moreover, opening 161 has the largest area among the circular portions of 
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the circular portions of the circular portion of the up electrode 164, and the 
piezo-electric layer 160, and the lower electrode 166, and opening 161. The 
oscillating field which actually vibrates among diaphragms 176 according to 
this structure is determined by opening 161. Moreover, since the circular 
portions of the circular portion of the up electrode 164 and the piezo-electric 
layer 160 and the circular portion of the lower electrode 166 have an area 
smaller than opening 161, a diaphragm 176 becomes easier to vibrate. 
Furthermore, the circular portion of the lower electrode 166 is smaller 
among the circular portion of the lower electrode 166 which connects with 
the piezo-electric layer 160 electrically, and the circular portion of the up 
electrode 164. Therefore, the circular portion of the lower terminal 166 
determines the portion which generates piezoelectricity effect among the 
piezo-electric layers 160. 

[0085] The up electrode terminal 168 is formed in the front-face side of a 
diaphragm 176 so that it may connect with the up electrode 164 electrically 
through an auxiliary electrode 172. On the other hand, the lower electrode 
terminal 170 is formed in the front-face side of a diaphragm 176 so that it 
may connect with the lower electrode 166 electrically. The up electrode 164 
needs to have a level difference equal to the sum of the thickness of the 
piezo-electric layer 160, and the thickness of the lower electrode 166 while 
connecting with the up electrode terminal 168, since it is formed in the 
front-face side of the piezo-electric layer 160. Forming this level difference 
only by the up electrode 164 has risk of the connection state of the up 
electrode 164 and the up electrode terminal 168 becoming weak, and cutting, 
though it is difficult and is possible in a loan. Then, the up electrode 164 and 
the up electrode terminal 168 are connected, using an auxiliary electrode 172 
as an auxiliary member. It becomes possible for the piezo-electric layer 160 
and the up electrode 164 to serve as structure supported by the auxiliary 
electrode 172, and to be able to obtain a desired mechanical strength, and to 
ensure connection between the up electrode 164 and the up electrode 
terminal 168 by doing in this way. 

[0086] In addition, the oscillating field which faces a piezoelectric device and 
the piezoelectric device of the diaphragms 176 is the oscillating section which 
actually vibrates in an actuator 106. Moreover, as for the member contained 
in an actuator 106, being formed in one is desirable by being calcinated 
mutually. By forming an actuator 106 in one, the handling of an actuator 106 
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becomes easy. Furthermore, an oscillation characteristic improves by raising 
the intensity of a substrate 178. That is, by raising the intensity of a 
substrate 178, only the oscillating section of an actuator 106 vibrates and 
any portions other than the oscillating section do not vibrate among 
actuators 106. Moreover, in order for any portions other than the oscillating 
section of an actuator 106 not to vibrate, it can attain by making the 
piezoelectric device of an actuator 106 thinly and small, and making a 
diaphragm 176 thin to raising the intensity of a substrate 178. 
[0087] It is desirable to use the lead loess piezoelectric film which does not 
use PZT (PZT), the PZT lanthanum (PLZT), or lead as a material of the 
piezo-electric layer 160, and it is desirable to use a zirconia or an alumina as 
a material of a substrate 178. Moreover, it is desirable to use the same 
material as a substrate 178 for a diaphragm 176. Metals, such as the 
material which has conductivity, for example, gold, silver, copper, platinum, 
aluminum, and nickel, can be used for the up electrode 164, the lower 
electrode 166, the up electrode terminal 168, and the lower electrode 
terminal 170. 

[0088] The actuator 106 constituted as mentioned above is applicable to the 
container which holds a liquid. For example, the container which held the 
penetrant remover for washing the ink cartridge and ink tank which are 
used for an ink-jet recording device, or a recording head can be equipped. 
[0089] The predetermined place of a liquid container is equipped with the 
actuator 106 shown in drawing 20 and drawing 21 so that the liquid held in a 
liquid container in a cavity 162 may be contacted. When the liquid is fully 
held in the liquid container, the inside of a cavity 162 and its outside are 
filled by the liquid. On the other hand, if the liquid of a liquid container is 
consumed and an oil level descends below in the wearing position of an 
actuator, a liquid does not exist in a cavity 162, or a liquid remains only in a 
cavity 162, and it will be in the state where a gas exists on the outside. An 
actuator 106 detects the difference of an acoustic impedance as it is 
[ originating in change of this state, and ] few. By it, an actuator 106 can 
detect whether it is in the state where the liquid is fully held in the liquid 
container, or it is in the state where a certain liquid more than fixed was 
consumed. Furthermore, an actuator 106 can also detect the kind of liquid in 
a liquid container. 

[0090] The principle of the oil-level detection by the actuator is explained 
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[0091] In order to detect change of the acoustic impedance of a medium, the 
impedance characteristic or admittance property of a medium is measured. A 
propagation circuit can be used when measuring an impedance 
characteristic or an admittance property. A propagation circuit impresses 
fixed voltage to a medium, and measures the current which changes 
frequency and flows to a medium. Or a propagation circuit supplies fixed 
current to a medium, and measures the voltage which changes frequency 
and is impressed to a medium. The current value or the voltage value change 
measured by the propagation circuit shows change of an acoustic impedance. 
Moreover, change of the frequency fm from which stride serves as the 
minimum also shows [ current value or a voltage value ] change of an 
acoustic impedance very much. 

[0092] Apart from the above-mentioned method, an actuator can detect 
change of the acoustic impedance of a liquid using change of only resonance 
frequency. A piezoelectric device can be used when using the method of 
detecting resonance frequency by measuring the counter-electromotive force 
produced by the residual vibration which remains in the oscillating section, 
as a method of using change of the acoustic impedance of a liquid after the 
oscillating section of an actuator vibrates. A piezoelectric device is an 
element which generates counter-electromotive force by the residual 
vibration which remains in the oscillating section of an actuator, and the size 
of counter-electromotive force changes with the amplitude of the oscillating 
section of an actuator. Therefore, detection is a plain-gauze cone, so that the 
amplitude of the oscillating section of an actuator is large. Moreover, the 
period from which the size of counter-electromotive force changes with the 
frequency of the residual vibration in the oscillating section of an actuator 
changes. Therefore, the frequency of the oscillating section of an actuator is 
equivalent to the frequency of counter-electromotive force. Here, resonance 
frequency says the frequency in the resonance state with the medium which 
touches the oscillating section and the oscillating section of an actuator. 
[0093] In order to obtain resonance frequency fs, the Fourier transform of the 
wave acquired by counter-electromotive -force measurement in case the 
oscillating section and a medium are the resonance state is carried out. Since 
vibration of an actuator is accompanied by various deformation, such as not 
deformation of only ** but a deflection, extension, etc., on the other hand, it 
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has various frequency including resonance frequency fs. Therefore, the 
Fourier transform of the wave of counter-electromotive force in case, a 
piezoelectric device and a medium are the resonance state is carried out, and 
resonance frequency fs is judged by specifying the most dominant frequency 
component. 

[0094] As for frequency fm, the admittance of stride of a medium is frequency 
in case an impedance is the minimum very much. If it is resonance frequency 
fs, frequency fm will produce few errors to resonance frequency fs by 
dielectric loss or a mechanical loss of a medium etc. However, as for deriving 
resonance frequency fs from the frequency fm surveyed, time and effort uses 
frequency fm for resonance frequency, replacing with generally for this 
reason. Here, an actuator 106 can detect an acoustic impedance at least in 
inputting the output of an actuator 106 into a propagation circuit. 
[0095] It is proved to be the method of measuring resonance frequency fs by 
experiment by measuring the method of measuring the impedance 
characteristic or admittance property of a medium, and measuring frequency 
fm, and the counter-electromotive force produced by residual vibration 
vibration in the oscillating section of an actuator that there is almost no 
difference in the resonance frequency which is alike and is therefore 
specified. 

[0096] The oscillating field of an actuator 106 is a portion which constitutes 
the cavity 162 determined by opening 161 among diaphragms 176. When the 
liquid is fully held in the liquid container, in a cavity 162, a liquid is filled 
and an oscillating field contacts the liquid in a liquid container. On the other 
hand, when there is no enough liquid into a liquid container, an oscillating 
field does not contact a liquid in contact with the liquid which remained in 
the cavity in a liquid container, but contacts a gas or a vacuum. 
[0097] A cavity 162 is formed in the actuator 106 of this invention, and it can 
design so that the liquid in a liquid container may remain in the oscillating 
field of an actuator 106 by it. The reason is as follows. 

[0098] Although there is an oil level of the liquid in a liquid container 
depending on the installation position and the degree of setting angle to a 
liquid container of an actuator more below than the wearing position of an 
actuator, a liquid may adhere to the oscillating field of an actuator. When the 
actuator has detected the existence of a liquid only by the existence of the 
liquid in an oscillating field, the liquid adhering to the oscillating field of an 
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actuator bars exact detection of the existence of a liquid, for example, the 
time of the state where there is an oil level more below than the wearing 
position of an actuator - both- way movement of carriage etc. - a liquid 
container - rocking ■■ a liquid - a wave - inside, if a drop adheres to an 
oscillating field, an actuator will make a judgment which if liquids of enough 
are in a liquid container mistook Then, the malfunction of an actuator can be 
prevented, though a liquid container rocks and an oil level is choppy by 
preparing positively the cavity designed so that the existence of a liquid 
might be detected correctly, even if it is the case where a liquid is remained 
conversely there. Thus, a malfunction can be prevented by using the actuator 
which has a cavity. 

[0099] Moreover, as shown in drawing 21 (E), there is no liquid into a liquid 
container and let the case where the liquid in a liquid container remains in 
the cavity 162 of an actuator 106 be the threshold of the existence of a liquid. 
That is, there is no liquid around a cavity 162 and it judges that he has no 
ink when there are few liquids in a cavity than this threshold, a liquid is 
around a cavity 162, and when there are more liquids than this threshold, it 
is judged as those with ink. For example, when the side attachment wall of a 
liquid container is equipped with an actuator 106, the case where the liquid 
in a liquid container is below the wearing position of an actuator is judged to 
have no ink, and the case where the liquid in a liquid container is above the 
wearing position of an actuator is judged to be those with ink. Thus, even if it 
is a time of the ink in a cavity drying and ink being lost by setting up a 
threshold, it judges that he has no ink, and since a threshold is not exceeded 
even if ink adheres to a cavity again in the shake of carriage etc. at the place 
whose ink in a cavity was lost, it can be judged that he has no ink. 
[0100] Here, operation and the principle which detect the state of the liquid 
in a liquid container from the resonance frequency of the medium and the 
oscillating section of an actuator 106 by measurement of 
counter-electromotive force are explained, referring to drawing 20 and 
drawing 21 . In an actuator 106, voltage is impressed to the up electrode 164 
and the lower electrode 166 through the up electrode terminal 168 and the 
lower electrode terminal 170, respectively. Electric field arise into the 
portion pinched by the up electrode 164 and the lower electrode 166 among 
the piezo-electric layers 160. The piezo-electric layer 160 deforms by the 
electric field. When the piezo-electric layer 160 deforms, the oscillating field 
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of the diaphragms 176 oscillates flexurally. After the piezo-electric layer 160 
deforms, flexural oscillation remains in the oscillating section of an actuator 
106 for the time being. 

[0101] Residual vibration is free oscillation with the oscillating section of an 
actuator 106, and a medium. Therefore, by making into pulse shape or a 
square wave voltage impressed to the piezo-electric layer 160, after 
impressing voltage, the resonance state of the oscillating section and a 
medium can be acquired easily. Residual vibration also deforms the 
piezo-electric layer 160 in order to vibrate the oscillating section of an 
actuator 106. Therefore, the piezo-electric layer 160 generates 
counter-electromotive force. The counter-electromotive force is detected 
through the up electrode 164, the lower electrode 166, the up electrode 
terminal 168, and the lower electrode terminal 170. Since resonance 
frequency can be specified, the state of the liquid in a liquid container is 
detectable with the detected counter-electromotive force. 

[0102] Generally, it is resonance frequency fs. fs=l/(2*pi*(M*Cact) 1/2) 
(formula l) 

It is come out and expressed. Here, M is the sum of the inertance Mact of the 
oscillating section, and addition inertance M f . Cact is the compliance of the 
oscillating section. 

[01031 Drawing 20 (C) is the cross section of the actuator 106 when ink does 
not remain in a cavity in this example. Drawing 21 (A) and drawing 21 (B) 
are the oscillating section of the actuator 106 when ink does not remain in a 
cavity, and the equal circuit of a cavity 162. 

[0104] Mact should ** the product of the thickness of the oscillating section, 
and the density of the oscillating section in the area of the oscillating section, 
and should show it further to a detail at drawing 21 (A). 
Mact=Mpzt+Melectrodel+Melectrode2+Mvib (formula 2) 

It is expressed. Here, Mpzt ** the product of the thickness of the 
piezo-electric layer 160 and the density of the piezo-electric layer 160 in the 
oscillating section in the area of the piezo-electric layer 160. Melectrodel ** 
the product of the thickness of the up electrode 164 and the density of the up 
electrode 164 in the oscillating section in the area of the up electrode 164. 
Melectrode2 ** the product of the thickness of the lower electrode 166 and 
the density of the lower electrode 166 in the oscillating section in the area of 
the lower electrode 166. Mvib ** the product of the thickness of a diaphragm 
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176 and the density of a diaphragm 176 in the oscillating section in the area 
of the oscillating field of a diaphragm 176. However, in this example, 
although each area of the oscillating field of the piezo-electric layer 160, the 
up electrode 164, the lower electrode 166, and a diaphragm 176 has the 
above size relations, a minute thing is desirable [ the difference of a mutual 
area ], so that Mact can be computed from the thickness, density, and area as 
the whole oscillating section. Moreover, as for portions other than the 
circular portion which are those principal parts, in this example, it is 
desirable in the piezo-electric layer 160, the up electrode 164, and the lower 
electrode 166 that it is so minute that it can ignore to the principal part. 
Therefore, in an actuator 106, Mact is the sum of each inertance of the 
oscillating field of the up electrode 164, the lower electrode 166, the 
piezo-electric layer 160, and the diaphragms 176. Moreover, compliance Cact 
is the compliance of the portion formed of the oscillating field of the up 
electrode 164, the lower electrode 166, the piezo-electric layer 160, and the 
diaphragms 176. 

[0105] In addition, although drawing 21 (A), drawing 21 (B), drawing 21 (D), 
and drawing 21 (F) show the oscillating section of an actuator 106, and the 
equal circuit of a cavity 162, in these equal circuits, Cact shows the 
compliance of the oscillating section of an actuator 106. Cpzt, Celectrodel 
and Celectrode2, and Cvib show the compliance of the piezo-electric layer 
160 in the oscillating section, the up electrode 164, the lower electrode 166, 
and a diaphragm 176, respectively. Cact is expressed with the following 
formulas 3. 
[0106] 

17Cact=(l7Cpzt) +(l7Celectrodel) +(l7Celectrode2)+ <17Cvib) (formula 3) 
From a formula 2 and a formula 3, drawing 21 (A) can also be expressed like 
drawing 21 (B). 

[0107] Compliance Cact expresses the volume which can receive a medium 
by deformation when putting a pressure on the unit area of the oscillating 
section. Moreover, although compliance Cact expresses the ease of carrying 
out of deformation, it is good. 

[0108] A liquid is fully held in a liquid container and drawing 21 (C) shows 
the cross section of the actuator 106 in case the liquid is filled around the 
oscillating field of an actuator 106. A liquid is fully held in a liquid container 
and M'max of drawing 21 (C) expresses the maximum of an addition 
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inertance in case the liquid is filled around the oscillating field of an actuator 
106. M' max is [0109]. 

M'max=(pi*rho/(2*k3)) * (2*(2*k*a) 3/(3*pi))/(pi*a 2) 2 (formula 4) 

(a is [ the density of a medium and k of the radius of the oscillating section 

and rho ] the wave numbers.) 

[0110] It is come out and expressed. In addition, a formula 4 is materialized 
when the radius a of the oscillating field of an actuator 106 is circular. 
Addition inertance M' is an amount which shows that the mass of the 
oscillating section is increasing seemingly by operation of the medium near 
the oscillating section. As shown in a formula 4, M'max changes with the 
radius a of the oscillating section, and the densities rho of a medium a lot. 
[0111] The wave number k is k=2* pi*fact/c. (formula 5) 

(fact is the resonance frequency of the oscillating section when the liquid is 
not touching.) c is the speed of the sound which spreads the inside of a 
medium. 

[0112] It is come out and expressed. 

[0113] A liquid is fully held in a liquid container and drawing 21 (D) shows 
the oscillating section of the actuator 106 in the case of being drawing 21 (C) 
with which the liquid is filled around the oscillating field of an actuator 106, 
and the equal circuit of a cavity 162. 

[0114] Although the liquid of a liquid container is consumed and drawing 21 
(E) does not have a liquid around the oscillating field of an actuator 106, in 
the cavity 162 of an actuator 106, the cross section of the actuator 106 when 
the liquid remains is shown. A formula 4 is a formula showing the greatest 
inertance M'max determined from the density rho of ink etc., when the liquid 
is filled by the liquid container. It is [0115] when the liquid around the 
oscillating field of an actuator 106 becomes a gas or a vacuum on the other 
hand, the liquid in a liquid container having been consumed and a liquid 
remaining in a cavity 162. M'= rho*t/S (formula 6) 

It can express, t is the thickness of the medium in connection with vibration. 
S is the area of the oscillating field of an actuator 106. It is S=pi*a 2 when 
the radius a of this oscillating field is circular. Therefore, addition inertance 
M f follows a formula 4, when a liquid is fully held in a liquid container and 
the liquid is filled around the oscillating field of an actuator 106. On the 
other hand, a liquid is consumed, and a formula 6 is followed when the liquid 
around the oscillating field of an actuator 106 becomes a gas or a vacuum, a 
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liquid remaining in a cavity 162. 

[0116] Here, although the liquid of a liquid container is consumed and there 
is no liquid around the oscillating field of an actuator 106 like drawing 21 (E), 
addition inertance M' when the liquid remains in the cavity 162 of an 
actuator 106 is made into M'cav for convenience, and it distinguishes from 
addition inertance M'max in case the liquid is filled around the oscillating 
field of an actuator 106. 

[0117] Although the liquid of a liquid container is consumed and drawing 21 
(F) does not have a liquid around the oscillating field of an actuator 106, in 
the cavity 162 of an actuator 106, the oscillating section of the actuator 106 
in the case of being drawing 21 (E) in which the liquid remains, and the 
equal circuit of a cavity 162 are shown. 

[0118] Here, the parameters related to the state of a medium are the density 
rho of a medium, and thickness [ of a medium ] t in a formula 6. When the 
liquid is fully held in the liquid container, a liquid contacts the oscillating 
section of an actuator 106, when the liquid is not fully held in the liquid 
container, a liquid remains inside a cavity or a gas or a vacuum contacts the 
oscillating section of an actuator 106. The surrounding liquid of an actuator 
106 is consumed, if the addition inertance in the process which shifts to 
M'cav of drawing 21 (E) from M'max of drawing 21 (C) is set to M' var, since 
thickness t of a medium changes, addition inertance MVar will change and 
resonance frequency fs will also change with the hold states of the liquid in a 
liquid container. Therefore, the existence of the liquid in a liquid container is 
detectable by specifying resonance frequency fs. As shown in drawing 21 (E), 
when it considers as t=d here and M'cav is expressed using a formula 6, 
depth d of a cavity is substituted for t of a formula 6, and it is [0119]. 
M'cav=rho*d/S (formula 7) 
It becomes. 

[0120] Moreover, since density rho changes with differences in composition 
even if a medium is a liquid with which kinds differ mutually, addition 
inertance M' changes and resonance frequency fs also changes. Therefore, 
the kind of liquid is detectable by specifying resonance frequency fs. In 
addition, when either ink or air contacts and it is not intermingled in the 
oscillating section of an actuator 106, the difference of M' can be detected 
even if it calculates by the formula 4. 

[0121] Drawing 22 (A) is a graph which shows a relation with the resonance 
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frequency fs of the amount of the ink in an ink tank, ink, and the oscillating 
section. Here, ink is explained as one example of a liquid. A vertical axis 
shows resonance frequency fs and a horizontal axis shows the amount of ink. 
When ink composition is fixed, resonance frequency fs goes up with the fall of 
an ink residue. 

[0122] When ink is fully held in an ink container and ink is filled around the 
oscillating field of an actuator 106, the maximum addition inertance M'max 
serves as a value expressed to a formula 4. On the other hand, ink is 
consumed, and when ink is not filled around the oscillating field of an 
actuator 106, a liquid remaining in a cavity 162, addition inertance M'var is 
computed by the formula 6 based on thickness t of a medium, t in a formula 6 
can also detect process in which ink is gradually consumed by being small in 
d (referring to drawing 20 (B)) of the cavity 162 of an actuator 106, namely, 
making a substrate 178 thin enough since it is the thickness of the medium 
in connection with vibration (refer to drawing 21 (C)). Here, tink considers as 
the thickness of the ink in connection with vibration, and tink-max is taken 
as tink in M'max. For example, an actuator 106 is arranged almost 
horizontally to the oil level of ink on the base of an ink cartridge. If ink is 
consumed and the oil level of ink reaches below the height of tink-max from 
an actuator 106, MVar will change with formulas 6 gradually and resonance 
frequency fs will change with formulas 1 gradually. Therefore, as long as the 
oil level of ink is within the limits of t, an actuator 106 can detect the 
consumption state of ink gradually. 

[0123] Moreover, according to the position of the oil level by consumption of 
ink, S in a formula 6 changes by making the oscillating field of an actuator 
106 greatly or long, and arranging perpendicularly. Therefore, an actuator 
106 can also detect process in which ink is consumed gradually. For example, 
an actuator 106 is mostly arranged to the oil level of ink on the side 
attachment wall of an ink cartridge at a perpendicular. If ink is consumed 
and the oil level of ink arrives at the oscillating field of an actuator 106, since 
addition inertance M 1 will decrease with the fall of water level, resonance 
frequency fs increases gradually by the formula 1. Therefore, as for an 
actuator 106, the oil level of ink can detect the consumption state of ink 
gradually, as long as it is within the limits of path 2a (refer to drawing 21 
(C)j of a cavity 162. 

[0124] The curve X of drawing 22 (A) expresses the relation with the 
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resonance frequency fs of the amount of the ink held in the ink tank the case 
where the cavity 162 of an actuator 106 is made shallow enough, and at the 
time of making the oscillating field of an actuator 106 greatly enough or long, 
ink, and the oscillating section. While the amount of the ink in an ink tank 
decreases, he can understand signs that the resonance frequency fs of ink 
and the oscillating section changes gradually. 

[0125] The case where process in which ink is consumed gradually is 
detectable in a detail is a case where both the liquids and gases from which 
density differs mutually exist, and it is concerned with vibration, in the 
circumference of the oscillating field of an actuator 106 more. While liquids 
decrease in number, a gas increases the medium on the circumference of an 
oscillating field of an actuator 106, and in connection with vibration, as ink is 
consumed gradually. For example, it is the case where an actuator 106 is 
horizontally arranged to the oil level of ink, and when tink is smaller than 
tink-max, the medium in connection with vibration of an actuator 106 
contains both ink and a gas. Therefore, it is [0126] when the state where it 
became below M'max of a formula 4 when it was the area S of the oscillating 
field of an actuator 106 is expressed with the additional mass of ink and a 
gas. 

M^M'air+M'ink^ rho air*tair/S+rho ink*tink/S (formula 8) 
It becomes. Here, M'air is the inertance of air and M'ink is the inertance of 
ink. rhoair is the density of air and rhoink is the density of ink. tair is the 
thickness of the air in connection with vibration, and tink is the thickness of 
the ink in connection with vibration. When the actuator 106 is arranged 
almost horizontally to the oil level of ink as liquids decrease in number 
among the media in connection with the vibration in the circumference of an 
oscillating field of an actuator 106 and a gas increases, tair increases and 
tink decreases. By it, MVar decreases gradually and resonance frequency 
increases gradually. Therefore, the amount of the ink which remains in an 
ink tank, or the consumption of ink is detectable. In addition, in a formula 7, 
it is the formula of only the density of a liquid because the case of being so 
small that the density of air being disregarded is assumed to the density of a 
liquid. 

[0127] When the actuator 106 is mostly arranged by the perpendicular to the 
oil level of ink, the medium in connection with the field of only ink and 
vibration of an actuator 106 in the medium in connection with vibration of an 
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actuator 106 is considered to be a parallel equal circuit (not shown) with a 
gaseous field among the oscillating fields of an actuator 106. It is [0128], 
when the medium in connection with vibration of an actuator 106 sets area 
of the field of only ink to Sink and the medium in connection with vibration 
of an actuator 106 sets area of a gaseous field to Sair. 
l/M'=l/M , air+l/M'ink=Sair/(rhoair*tair) +Sink/(rhoink*tink) <formula 9) 

It becomes. 

[0129] In addition, a formula 9 is applied when ink is not held at the cavity of 
an actuator 106. About the case where ink is held at the cavity of an actuator 
106, it is calculable with a formula 7, a formula 8, and a formula 9. 
[0130] On the other hand, the oil level of ink will detect an upper position or 
a lower position from the wearing position of an actuator rather than a 
substrate 178 is thick, namely, depth d of a cavity 162 is deep, and it detects 
process in which ink decreases in number gradually in practice, when d uses 
an actuator with a very small oscillating field as compared with the case of 
being comparatively close to thickness tink-max of a medium, and the height 
of a liquid container. When it puts in another way, the existence of the ink in 
the oscillating field of an actuator will be detected. For example, the curve Y 
of drawing 22 (A) shows a relation with the resonance frequency fs of the 
amount of the ink in the ink tank in the case of a small circular oscillating 
field, ink, and the oscillating section. Between the amounts Q of ink before 
and after the oil level of the ink in an ink tank passes through the wearing 
position of an actuator, signs that the resonance frequency fs of ink and the 
oscillating section is changing violently are shown. From this, it is detectable 
in an ink tank whether ink is carrying out specified quantity survival. 
[0131] Drawing 22 (B) shows a relation with the resonance frequency fs of 
the density of the ink in the curve Y of drawing 22 (A), ink, and the 
oscillating section. Ink is mentioned as an example of a liquid. Since an 
addition inertance will become large if ink density becomes high as shown in 
drawing 22 (B), resonance frequency fs falls. That is, resonance frequency fs 
changes with kinds of ink. Therefore, in case it is re-filled up with ink by 
measuring resonance frequency fs, it can check whether the ink in which 
densities differed is mixed. 

[0132] That is, the ink tank which holds the ink in which kinds differ 
mutually is discriminable. 

[0133] Then, even if the liquid in a liquid container is sky condition, the 
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conditions which can detect correctly the state of a liquid when setting up the 
size and the configuration of a cavity so that a liquid may remain in the 
cavity 162 of an actuator 106 are explained in full detail. If the state of a 
liquid can be detected when the liquid is filled in the cavity 162, an actuator 
106 can detect the state of a liquid, even if it is the case where the liquid is 
not filled in the cavity 162. 

[0134] Resonance frequency fs is a function of Inertance M. Inertance M is 
the sum of the inertance Mact of the oscillating section, and addition 
inertance M'. Here, addition inertance M' is related to the state of a liquid. 
Addition inertance M' is an amount which shows that the mass of the 
oscillating section is increasing seemingly by operation of the medium near 
the oscillating section. That is, the increment of the mass of the oscillating 
section by absorbing a medium seemingly by vibration of the oscillating 
section is said. 

[0135] Therefore, when M'cav is larger than M'max in a formula 4, all the 
media absorbed seemingly are liquids which remain in a cavity 162. 
Therefore, it is the same as the state where the liquid is filled in the liquid 
container. In this case, since M' does not change, resonance frequency fs does 
not change, either. Therefore, an actuator 106 can detect the state of the 
liquid in a liquid container. 

[0136] On the other hand, when M'cav is smaller than M' max in a formula 4, 
the medium absorbed seemingly is the liquid which remains in a cavity 162 
and a gas in a liquid container, or a vacuum. Since M' changes unlike the 
state where the liquid is filled in the liquid container at this time, resonance 
frequency fs changes. Therefore, an actuator 106 can detect the state of the 
liquid in a liquid container. 

[0137] That is, the liquid in a liquid container is sky condition, and when a 
liquid remains in the cavity 162 of an actuator 106, the conditions on which 
an actuator 106 can detect the state of a liquid correctly are that M'cav is 
smaller than M'max. In addition, condition M'max>M'cav to which an 
actuator 106 can detect the state of a liquid correctly is not concerned with 
the configuration of a cavity 162. 

[0138] Here, M'cav is the capacity of a cavity 162, and the mass of the liquid 
of an almost equal capacity. Therefore, an actuator 106 can express the 
conditions which can detect the state of a liquid correctly as conditions for 
the capacity of a cavity 162 from the inequality of M'max>M'cav. For 
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example, it is [0139], when the radius of the opening 161 of the cavity 162 of 
a circle configuration is set to a and the depth of a cavity 162 is set to d. 
M'max>rho*d/pi a2 (formula 10) 

It comes out. It is [0140] when a formula 10 is developed. a/d>3*pi/8 (formula 



The conditions to say are searched for. In addition, when the configuration of 
a cavity 162 is circular, a formula 10 and a formula 11 are restricted and are 
materialized. If pia2 in a formula 10 is calculated by replacing it with the 
area using the formula of M'max when not being circular, the relation 
between dimensions, such as width of face of a cavity and length, and the 
depth can be drawn. 

[0141] Therefore, if it is the actuator 106 which has the cavity 162 which are 
the radius a of the opening 161 which fills a formula 11, and depth [ of a 
cavity 162 ] d, even if the liquid in a liquid container is sky condition and it is 
the case where a liquid remains in a cavity 162, the state of a liquid can be 
detected, without incorrect-operating. 

[0142] It can be said that the method of measuring the counter-electromotive 
force generated in an actuator 106 by residual vibration has detected change 
of an acoustic impedance at least since addition inertance M 1 also influences 
an acoustic-impedance property. 

[0143] Moreover, according to this example, the counter-electromotive force 
which an actuator 106 generates vibration and generates in an actuator 106 
by subsequent residual vibration is measured. However, it is not necessarily 
required for the oscillating section of an actuator 106 to give vibration to a 
liquid by its vibration by driver voltage. That is, even if the oscillating 
section does not oscillate itself, the piezoelectric layer 160 bends and 
deforms by vibrating with the liquid of a certain range in contact with it. 
This residual vibration makes the piezo-electric layer 160 generate 
counter-electromotive -force voltage, and transmits the 

counter-electromotive -force voltage to the up electrode 164 and the lower 
electrode 166. You may detect the state of a medium by using this 
phenomenon. For example, it may set to an ink-jet recording device, and the 
state of an ink tank or the ink of the interior may be detected using vibration 
around the oscillating section of the actuator generated by vibration by 
reciprocating movement of the carriage by the scan of the print head at the 
time of printing. 
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[0144] Drawing 23 (A) And drawing 23 (B) shows the wave of the residual 
vibration of an actuator 106 after vibrating an actuator 106, and the 
measuring method of residual vibration, the ink in the wearing position level 
of the actuator 106 in an ink cartridge -- the upper and lower sides of water 
level are detectable with frequency change of the residual vibration after an 
actuator 106 oscillates, and change of an amplitude Drawing 23 (A) And in 
drawing 23 (B), a vertical axis shows the voltage of the counter-electromotive 
force generated by the residual vibration of an actuator 106, and a horizontal 
axis shows time. By the residual vibration of an actuator 106, it is drawing 
23 (A). And as shown in drawing 23 (B), the wave of the analog signal of 
voltage occurs. Next, an analog signal is changed into the number value 
corresponding to the frequency of a signal. 

[0145] In the example shown in drawing 23 (A) and drawing 23 (B), the 
existence of ink is detected by measuring the time when four pulses to 8 
pulse eye arise from 4 pulse eye of an analog signal. 

[0146] More, in a detail, after an actuator 106 oscillates, the number of times 
which crosses the predetermined reference voltage set up beforehand from a 
low-battery side to a high-voltage side is counted. The between from four 
counts to eight counts is set to High for a digital signal, and the time from 
four counts to eight counts is measured by the predetermined clock pulse. 
[0147] Drawing 23 (A) is a wave in case an ink oil level is in a high order 
rather than the wearing position level of an actuator 106. On the other hand, 
drawing 23 (B) is a wave in case there is no ink in the wearing position level 
of an actuator 106. When drawing 23 (A) is compared with drawing 23 (B), in 
drawing 23 (A), a ******** understands the time from four counts to eight 
counts from drawing 23 (B). A paraphrase changes the time from four counts 
to eight counts by the existence of ink. The consumption state of ink is 
detectable using a difference of this time. After vibration of an actuator 106 
is stabilized, it counts for beginning measurement from 4 count eye of an 
analog wave. What it was presupposed that it is from 4 count eye is a mere 
example, and may count from arbitrary counts. Here, the signal from 4 count 
eye to 8 count eye is detected, and the time from 4 count eye to 8 count eye is 
measured by the predetermined clock pulse. It asks for resonance frequency 
by it. As for a clock pulse, it is desirable that it is the pulse of a clock equal to 
the clock for controlling the semiconductor memory attached in an ink 
cartridge. In addition, there is no need of measuring the time to 8 count eye, 
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and it may be counted to arbitrary counts. In drawing 23 , although the time 
from 4 count eye to 8 count eye is measured, according to the circuitry which 
detects frequency, you may detect the time in a different count interval. 
[0148] For example, when change of the amplitude of a peak is small, in 
order the quality of ink is stable, and to gather the speed of detection, you 
may ask for resonance frequency by detecting the time from 4 count eye to 6 
count eye. Moreover, the quality of ink is unstable, and when change of a 
pulse amplitude is large, in order to detect residual vibration correctly, you 
may detect the time from 4 count eye to 12 count eye. 

[0149] Moreover, you may count the wave number of the voltage waveform of 
the counter-electromotive force within a predetermined period as other 
examples (not shown). It can ask for resonance frequency also by this method. 
More, in a detail, after an actuator 106 oscillates, only a predetermined 
period sets a digital signal to High, and the number of times which crosses 
predetermined reference voltage from a low-battery side to a high-voltage 
side is counted. The existence of ink is detectable by measuring the number 
of counts. 

[0150] Furthermore, counter-electromotive-force wave amplitudes differ by 
the case where there are not a case where ink is filled in the ink cartridge, 
and ink into an ink cartridge so that drawing 23 (A) and drawing 23 (B) may 
be compared and understood. Therefore, you may detect the consumption 
state of the ink in an ink cartridge also by measuring a 
counter-electromotive -force wave amplitude, without asking for resonance 
frequency. It is the peak and drawing 23 (B) of a counter-electromotive-force 
wave of drawing 23 (A) more in detail. Reference voltage is set up between 
the peaks of a counter-electromotive -force wave. When a digital signal is set 
to High at a predetermined time and a counter-electromotive -force wave 
crosses reference voltage after the actuator 106 oscillated, it is judged that 
there is no ink. When a counter-electromotive -force wave does not cross 
reference voltage, it is judged that there is ink. 

[0151] Drawing 24 shows the manufacture method of an actuator 106. Two 
or more actuators 106 (the example of drawing 24 four pieces) are formed in 
one. The actuator 106 shown in drawing 25 is manufactured by cutting the 
one moldings of two or more actuators shown in drawing 24 in each actuator 
106. When each piezoelectric device of two or more really shown [ in drawing 
24 ] fabricated actuators 106 is circular, the actuator 106 shown in drawing 
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20 can be manufactured by really cutting a moldings in each actuator 106. 
By forming two or more actuators 106 in one, two or more actuators 106 can 
be manufactured efficiently simultaneously, and the handling at the time of 
conveyance becomes easy. 

[0152] an actuator 106 - sheet metal or a diaphragm 176, a substrate 178, 
an elastic- wave generating means or a piezoelectric device 174, and terminal 
formation - a member or the up electrode terminal 168, and terminal 
formation ~ it has a member or the lower electrode terminal 170 A 
piezoelectric device 174 contains a piezo-electric diaphragm or the 
piezo-electric layer 160, an upper electrode or the up electrode 164 and a 
lower electrode, or the lower electrode 166. A diaphragm 176 is formed in the 
upper surface of a substrate 178, and the lower electrode 166 is formed in the 
upper surface of a diaphragm 176. The piezo electric layer 160 is formed in 
the upper surface of the lower electrode 166, and the up electrode 164 is 
formed in the upper surface of the piezo-electric layer 160. Therefore, of the 
principal part of the up electrode 164, and the principal part of the lower 
electrode 166, the principal part of the piezo-electric layer 160 is formed so 
that it may be inserted from the upper and lower sides. 

[0153] The piezoelectric device 174 of plurality (the example of drawing 24 
four pieces) is formed on the diaphragm 176. The lower electrode 166 is 
formed in the front face of a diaphragm 176, the piezo electric layer 160 is 
formed in the front face of the lower electrode 166, and the up electrode 164 
is formed in the upper surface of the piezo electric layer 160. The up 
electrode terminal 168 and the lower electrode terminal 170 are formed in 
the edge of the up electrode 164 and the lower electrode 166. Four actuators 
106 are cut separately, respectively and are used individually. 
[0154] As for drawing 25 , a piezoelectric device shows some cross sections of 
the rectangular actuator 106. 

[0155] Drawing 26 shows the cross section of the whole actuator 106 shown 
in drawing 25 . Breakthrough 178a is formed in the piezoelectric device 174 
of a substrate 178, and the field which counters. Breakthrough 178a is closed 
by the diaphragm 176. A diaphragm 176 is equipped with electric insulation, 
such as an alumina and an oxidization zirconia, and is formed of the material 
in which elastic deformation is possible. The piezoelectric device 174 is 
formed on the diaphragm 176 so that it may counter with breakthrough 178a. 
The lower electrode 166 is formed in the front face of a diaphragm 176 so 
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that it may be prolonged from the field of breakthrough 178a to the left in ** 
and drawing 26 on the other hand. The up electrode 164 is formed in the 
front face of the piezo-electric layer 160 so that it may be prolonged in the 
method of the right in drawing 26 in the direction opposite to a lower 
electrode from the field of breakthrough 178a. The up electrode terminal 168 
and the lower electrode terminal 170 are formed in the upper surface of an 
auxiliary electrode 172 and the lower electrode 166, respectively. The lower 
electrode terminal 170 contacts the lower electrode 166 electrically, and the 
up electrode terminal 168 contacts the up electrode 164 electrically through 
an auxiliary electrode 172, and it delivers the signal between a piezoelectric 
device and the exterior of an actuator 106. The up electrode terminal 168 and 
the lower electrode terminal 170 have the height more than the height of the 
piezoelectric device which doubled the electrode and the piezo-electric layer. 
[0156] Drawing 27 shows the manufacture method of the actuator 106 shown 
in drawing 24 . First, a press or laser processing is used for a green sheet 940, 
and breakthrough 940a is punched. A green sheet 940 serves as a substrate 
178 after baking. A green sheet 940 is formed with material, such as a 
ceramic. Next, the laminating of the green sheet 941 is carried out to the 
front face of a green sheet 940. A green sheet 941 serves as a diaphragm 176 
after baking. A green sheet 941 is formed with material, such as an 
oxidization zirconia. Next, a conductive layer 942, the piezo-electric layer 160, 
and a conductive layer 944 are formed in the front face of a green sheet 941 
one by one by methods, such as pressure -membrane printing. A conductive 
layer 942 serves as the lower electrode 166 behind, and a conductive layer 
944 serves as the up electrode 164 behind. Next, the formed green sheet 940, 
a green sheet 941, a conductive layer 942, the piezo-electric layer 160, and a 
conductive layer 944 are dried and calcinated, a spacer - members 947 and 
948 carry out bottom raising of the height of the up electrode terminal 168 
and the lower electrode terminal 170, and make it higher than a piezoelectric 
device a spacer - members 947 and 948 carry out the laminating of printing 
or the green sheet, and form green sheets 940 and 941 and this material this 
spacer - since there is little material of the up electrode terminal 168 which 
is noble metals, and the lower electrode terminal 170, and it ends upwards 
by the member 947,948 and thickness of the up electrode terminal 168 and 
the lower electrode terminal 170 can be made thin, the up electrode terminal 
168 and the lower electrode terminal 170 can be printed with a sufficient 
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precision, and it can consider as the height stabilized further 
[0157] the time of formation of a conductive layer 942 - connection 944' with 
a conductive layer 944, and a spacer - if members 947 and 948 are formed 
simultaneously, the up electrode terminal 168 and the lower electrode 
terminal 170 can be formed easily, or it can fix firmly Finally, the up 
electrode terminal 168 and the lower electrode terminal 170 are formed in 
the edge field of a conductive layer 942 and a conductive layer 944. In case 
the up electrode terminal 168 and the lower electrode terminal 170 are 
formed, the up electrode terminal 168 and the lower electrode terminal 170 
form so that it may connect with the piezo-electric layer 160 electrically. 
[0158] Drawing 28 shows the operation form of further others of the ink 
cartridge to which this invention is applied. Drawing 28 (A) is the cross 
section of the bottom of the ink cartridge by this operation form. The ink 
cartridge of this operation form has breakthrough lc in base la of a 
container 1 which holds ink. The bottom of breakthrough lc is closed by the 
actuator 650, and forms an ink reservoir. 

[0159] Drawing 28 (B) shows the actuator 650 shown in drawing 28 (A), and 
the detailed cross section of breakthrough lc. Drawing 28 (C) shows the flat 
surface of the actuator 650 shown in drawing 28 (B), and breakthrough lc. 
An actuator 650 has the piezoelectric device 73 fixed to the diaphragm 72 
and the diaphragm 72. An actuator 650 is fixed to the base of a container 1 so 
that a piezoelectric device 73 may counter breakthrough lc through a 
diaphragm 72 and a substrate 71. Elastic deformation is possible for a 
diaphragm 72, and it is equipped with ink-proof nature. 

[0160] Depending on the amount of ink of a container 1, the amplitude and 
frequency of counter-electromotive force which are generated by the residual 
vibration of a piezoelectric device 73 and a diaphragm 72 change. 
Breakthrough lc is formed in the position which counters an actuator 650, 
and the ink of the minimum constant rate is secured to breakthrough lc. 
Therefore, the ink end of a container 1 is certainly detectable by measuring 
beforehand the property of vibration of the actuator 650 decided by the 
amount of ink secured to breakthrough lc. 

[0161] Drawing 29 shows other operation forms of breakthrough lc. In each 
of drawing 29 (A), (B), and (C), the state where the chart on the left does not 
have Ink K in breakthrough lc is shown, and right-hand side drawing shows 
the state where Ink K remained in breakthrough lc. In the operation form of 
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drawing 28 , the side of breakthrough 1c is formed as a perpendicular wall. 
In drawing 29 (A), Id of sides of breakthrough lc is slanting in the vertical 
direction, and it is expanded and opened outside. In drawing 29 (B), the level 
difference sections le and If are formed in the side of breakthrough lc. If of 
level difference sections which are up is larger than level difference section 
le which exists below. In drawing 29 (C), breakthrough lc has lg of slots 
prolonged in the direction of the ink feed hopper 2 which is easy to discharge 
Ink K, i.e., the direction. 

[0162] Drawing 29 (A) According to the configuration of breakthrough lc 
shown in ■ (C), the amount of the ink K of an ink reservoir can be lessened. 
Therefore, since the oscillation characteristic of the ink and the actuator 650 
at the time since M'cav explained by drawing 20 and drawing 21 can be made 
small as compared with M'max can be greatly changed with the case where 
the ink K of the amount which can be printed in a container 1 remains, an 
ink end can be detected more certainly. 

[0163] Drawing 30 is the perspective diagram showing other operation forms 
of an actuator. An actuator 660 has packing 76 outside breakthrough lc of 
the substrate which constitutes an actuator 660, or the attachment plate 78. 
the periphery of an actuator 660 - caulking - the hole 77 is formed an 
actuator 660 ■■ caulking ■■ it is fixed to a container 1 with caulking through a 
hole 77 

[0164] Drawing 31 (A) and (B) are the perspective diagrams showing the 
operation form of further others of an actuator. An actuator 670 is equipped 
with the crevice formation substrate 80 and a piezoelectric device 82 in this 
operation form. A crevice 81 is formed in one field of the crevice formation 
substrate 80 of technique, such as etching, and a piezoelectric device 82 is 
attached in the field of another side. The bottom of a crevice 81 acts as an 
oscillating field among the crevice formation substrates 80. Therefore, the 
oscillating field of an actuator 670 is specified by the periphery of a crevice 81. 
Moreover, an actuator 670 is similar with the structure where the substrate 
178 and the diaphragm 176 were formed as one among the actuators 106 by 
the example of drawing 20 . Therefore, in case an ink cartridge is 
manufactured, a manufacturing process can be shortened, and cost is 
reduced. An actuator 670 is size in which embedding is possible to 
breakthrough lc prepared in the container 1. By it, a crevice 81 can act also 
as a cavity. In addition, like the actuator 670 by the example of drawing 31 , 



44/76 



Japanese Publication 




■r : 2001-147146 



you may form the actuator 106 by the example of drawing 20 in 
breakthrough lc so that embedding may be possible. 

[0165] Drawing 32 is the perspective diagram showing the composition 
which attached the actuator 106 and was really formed as a module object 
100. The predetermined part of the container 1 of an ink cartridge is 
equipped with the module object 100. By [ in ink liquid ] detecting change of 
an acoustic impedance at least, the module object 100 is constituted so that 
the consumption state of the liquid in a container 1 may be detected. The 
module object 100 of this operation gestalt has the liquid-container 
attachment section 101 for attaching an actuator 106 in a container 1. The 
liquid-container attachment section 101 has structure with which the flat 
surface carried the pillar section 116 which held the actuator 106 oscillated 
by the driving signal on the rectangular pedestal 102 mostly. Since it is 
constituted so that the actuator 106 of the module object 100 cannot contact 
from the outside when an ink cartridge is equipped with the module object 
100, an actuator 106 can be protected from external contact. In addition, the 
radius of circle is attached, and in case the hole formed in the ink cartridge is 
equipped, it is easy to insert in the nose-of-cam side edge of the pillar section 



[0166] Drawing 33 is the exploded view showing the composition of the 
module object 100 shown in drawing 32 . The module object 100 contains the 
liquid-container attachment section 101 which consists of a resin, and the 
piezo-electric equipment wearing section 105 which has a plate 110 and a 
crevice 113. Furthermore, the module object 100 has reed wires 104a and 
104b, an actuator 106, and a film 108. Preferably, a plate 110 is formed from 
the material which cannot rust [ stainless alloy / stainless steel or ] easily. 
Opening 114 is formed in a core so that the pillar section 116 and the 
pedestal 102 which are contained in the liquid-container attachment section 
101 can hold reed wires 104a and 104b, and a crevice 113 is formed so that 
an actuator 106, a film 108, and a plate 110 can be held. An actuator 106 is 
joined to a plate 110 through a film 108, and a plate 110 and an actuator 106 
are fixed to the liquid-container attachment section 101. Therefore, reed 
wires 104a and 104b, an actuator 106, a film 108, and a plate 110 are 
attached in the liquid-container attachment section 101 as one. Reed wires 
104a and 104b combine with the up electrode of an actuator 106, and a lower 
electrode, respectively, transmit a driving signal to a piezo-electric layer, and, 
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on the other hand, transmit the signal of the resonance frequency which the 
actuator 106 detected to a recording device etc. An actuator 106 is 
temporarily oscillated based on the driving signal transmitted from reed 
wires 104a and 104b. Residual vibration of the actuator 106 is carried out 
after an oscillation, and it generates counter-electromotive force by the 
vibration. At this time, the resonance frequency corresponding to the 
consumption state of the liquid in a liquid container is detectable by 
detecting the oscillation period of a counter-electromotive -force wave, a film 
108 an actuator 106 and a plate 110 ■- pasting up - an actuator - liquid - 
it is made dense As for a film 108, it is desirable to form by the polyolefine etc. 
and to paste up by heat weld. 

[0167] A plate 110 is a circle configuration and the opening 114 of a pedestal 
102 is formed in the shape of a cylinder. The actuator 106 and the film 108 
are formed in the shape of a rectangle. A reed wire 104, an actuator 106, a 
film 108, and a plate 110 are good also as removable to a pedestal 102. A 
pedestal 102, the reed wire 104, the actuator 106, the film 108, and the plate 
110 are symmetrically arranged to the medial axis of the module object 100. 
Furthermore, the center of a pedestal 102, an actuator 106, a film 108, and a 
plate 110 is arranged on the simultaneously medial axis of the module object 
100. 

[0168] The area of the opening 114 of a pedestal 102 is formed more greatly 
than the area of the oscillating field of an actuator 106. The breakthrough 
112 is formed in the position which faces the oscillating section of an 
actuator 106 at the center of a plate 110. As shown in drawing 20 and 
drawing 21 , a cavity 162 is formed in an actuator 106, and both a 
breakthrough 112 and the cavity 162 form an ink reservoir. The thickness of 
a plate 110 has a small desirable thing compared with the path of a 
breakthrough 112, in order to lessen influence of remains ink. For example, 
as for the depth of a breakthrough 112, it is desirable that it is 1/3 or less size 
of the path. A breakthrough 112 is the configuration of a symmetrical 
simultaneously perfect circle to the medial axis of the module object 100. 
Moreover, the area of a breakthrough 112 is larger than the effective -area 
product of the cavity 162 of an actuator 106. The periphery of the cross 
section of a breakthrough 112 may be a taper configuration, and a step 
configuration is sufficient as it. The flank of a container 1, the upper part, or 
a pars basilaris ossis occipitalis is equipped with the module object 100 so 
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that a breakthrough 112 may turn to the inside of a container 1. if ink is 
consumed and the ink of the actuator 106 circumference is lost, since the 
resonance frequency of an actuator 106 will change a lot -■ the water level of 
ink change is detectable 

[0169] Drawing 34 is the perspective diagram showing other operation forms 
of a module object. As for the module object 400 of this operation form, the 
piezo-electric equipment wearing section 405 is formed in the 
liquid-container attachment section 401. As for the liquid-container 
attachment section 401, the pillar-like pillar section 403 is mostly formed for 
the flat surface on the pedestal 402 on Kakumaru's square. Furthermore, the 
piezo-electric equipment wearing section 405 includes the tabular element 
406 and crevice 413 which were stood on the pillar section 403. An actuator 
106 is arranged in the crevice 413 established in the side of the tabular 
element 406. In addition, the nose of cam of the tabular element 406 is 
beveled by the predetermined angle, and in case the hole formed in the ink 
cartridge is equipped, it is easy to insert it in. 

[0170] Drawing 35 is the decomposition perspective diagram showing the 
composition of the module object 400 shown in drawing 34 . The module 
object 400 as well as the module object 100 shown in drawing 32 contains the 
liquid-container attachment section 401 and the piezo-electric equipment 
wearing section 405. The liquid-container attachment section 401 has a 
pedestal 402 and the pillar section 403, and the piezo-electric equipment 
wearing section 405 has the tabular element 406 and a crevice 413. It is 
joined to a plate 410 and an actuator 106 is fixed to a crevice 413. The 
module object 400 has further reed wires 404a and 404b, an actuator 106, 
and a film 408. 

[0171] According to this operation gestalt, a plate 410 is a rectangle-like and 
the opening 414 prepared in the tabular element 406 is formed in the shape 
of a rectangle. You may constitute reed wires 404a and 404b, an actuator 106, 
a film 408, and a plate 410 as removable to a pedestal 402. An actuator 106, 
a film 408, and a plate 410 pass along the center of opening 414, and are 
symmetrically arranged to the medial axis prolonged in the perpendicular 
direction to the flat surface of opening 414. Furthermore, the center of an 
actuator 406, a film 408, and a plate 410 is arranged on the simultaneously 
medial axis of opening 414. 

[0172] The area of the breakthrough 412 prepared in the center of a plate 
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410 is formed more greatly than the area of opening of the cavity 162 of an 
actuator 106. Both the cavities 162 and breakthroughs .412 of an actuator 
106 form an ink reservoir. The thickness of a plate 410 is small compared 
with the path of a breakthrough 412, for example, it is desirable to set it as 
1/3 or less size of the path of a breakthrough 412. A breakthrough 412 is the 
configuration of a symmetrical simultaneously perfect circle to the medial 
axis of the module object 400. The periphery of the cross section of a 
breakthrough 412 may be a taper configuration, and a step configuration is 
sufficient as it. The bottom of a container 1 can be equipped with the module 
object 400 so that a breakthrough 412 may be arranged inside a container 1. 
Since it is arranged in a container 1 so that an actuator 106 may be 
prolonged perpendicularly, a setup at the time of an ink end is easily 
changeable by changing the height which changes the height of a pedestal 
402 and by which an actuator 106 is arranged in a container 1. 
[0173] Drawing 36 shows the operation form of further others of a module 
object. The module object 500 of drawing 36 as well as the module object 100 
shown in drawing 32 contains the liquid-container attachment section 501 
which has a pedestal 502 and the pillar section 503. Moreover, the module 
object 500 has further reed wires 504a and 504b, an actuator 106, a film 508, 
and a plate 510. Opening 514 is formed in a core so that the pedestal 502 
contained in the liquid -container attachment section 501 can hold reed wires 
504a and 504b, and a crevice 513 is formed so that an actuator 106, a film 
508, and a plate 510 can be held. An actuator 106 is fixed to the piezo-electric 
equipment wearing section 505 through a plate 510. Therefore, reed wires 
504a and 504b, an actuator 106, a film 508, and a plate 510 are attached in 
the liquid-container attachment section 501 as one. As for the module object 
500 of this operation form, the pillar section 503 with the upper surface 
slanting in the vertical direction is mostly formed for the flat surface on the 
pedestal on Kakumaru's square. The actuator 106 is arranged on the crevice 
513 aslant prepared in the vertical direction of the upper surface of the pillar 
section 503. 

[0174] The nose of cam of the module object 500 inclines, and the inclined 
plane is equipped with the actuator 106. Therefore, if the pars basilaris ossis 
occipitalis or flank of a container 1 is equipped with the module object 500, 
an actuator 106 inclines to the vertical direction of a container 1. As for the 
degree of tilt angle at the nose of cam of the module object 500, it is desirable 
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to consider as for about 30 to 60 degrees in view of detectability ability. 
[0175] The pars basilaris ossis occipitalis or flank of a container 1 is equipped 
with the module object 500 so that an actuator 106 may be arranged in a 
container 1. When the flank of a container 1 is equipped with the module 
object 500, it is attached in a container 1, an actuator 106 inclining so that a 
container 1 top, bottom, or width side may be turned to. It is desirable that it 
is attached in a container 1 on the other hand, an actuator 106 inclining so 
that the ink feed-hopper side of a container 1 may be turned to when the pars 
basilaris ossis occipitalis of a container 1 is equipped with the module object 



[0176] Drawing 37 is a cross section near the pars basilaris ossis occipitalis 
of the ink container when equipping a container 1 with the module object 100 
shown in drawing 32 . It is equipped with the module object 100 so that the 
side attachment wall of a container 1 may be penetrated. O ring 365 is 
formed in the plane of composition of the side attachment wall of a container 
1, and the module object 100, and **** of the module object 100 and a 
container 1 is maintained at it. It is desirable to have the pillar section which 
the module object 100 explained that a seal is made with an O ring by 
drawing 32 . By the nose of cam of the module object 100 being inserted in 
the interior of a container 1, the ink in a container 1 contacts an actuator 106 
through the breakthrough 112 of a plate 110. Since the resonance frequency 
of the residual vibration of an actuator 106 changes with a liquid or gases, 
the circumference of the oscillating section of an actuator 106 can detect the 
consumption state of ink using the module object 100. Moreover, a container 
1 may be equipped with the module object 400 shown not only in the module 
object 100 but in drawing 34 , the module object 500 shown in drawing 36 or 
the module objects 700A and 700B which were shown in drawing 38 , and the 
mould structure 600, and the existence of ink may be detected. 
[0177] Drawing 38 (A) shows the cross section of the ink container when 
equipping a container 1 with module object 700B. In this example, module 
object 700B is used as one of the attachment structures. The container 1 is 
equipped with module object 700B as the liquid-container attachment 
section 360 projects inside a container 1. A breakthrough 370 is formed in 
the attachment plate 350, and the oscillating section of a breakthrough 370 
and an actuator 106 faces. Furthermore, a hole 382 is formed in the bottom 
wall of module object 700B, and the piezo-electric equipment wearing section 
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363 is formed. As an actuator 106 closes one side of a hole 382, it is arranged. 
Therefore, ink contacts a diaphragm 176 through the hole 382 of the 
piezo-electric equipment wearing section 363, and the breakthrough 370 of 
the attachment plate 350. Both the hole 382 of the piezo-electric equipment 
wearing section 363 and the breakthrough 370 of the attachment plate 350 
form an ink reservoir. The piezo-electric equipment wearing section 363 and 
the actuator 106 are being fixed by the attachment plate 350 and the film 
member. The sealing structure 372 is formed in the connection of the 
liquid-container attachment section 360 and a container 1. The sealing 
structure 372 may be formed of reversible material, such as synthetic resin, 
and may be formed by the O ring, although module object 700B of drawing 38 
(A) and a container 1 are another objects " drawing 38 (B) - the 
piezo-electric equipment wearing section of module object 700B may consist 
of some containers 1 like 

[0178] Module object 700B of drawing 38 (A) becomes unnecessary [ the 
embedding to the module object of a reed wire shown in drawing 36 from 
drawing 32 ]. Therefore, a forming cycle is simplified. Furthermore, it 
becomes exchangeable [ module object 700B ], and becomes recyclable. 
[0179] In case an ink cartridge shakes, an actuator 106 may 
incorrect-operate because the ink which ink adhered to the upper surface or 
the side of a container 1, and has hung down from the upper surface or the 
side of a container 1 contacts an actuator 106. However, since the 
liquid-container attachment section 360 has projected module object 700B 
inside the container 1, an actuator 106 does not incorrect-operate in the ink 
which has hung down from the upper surface and the side of a container 1. 
[0180] Moreover, in the example of drawing 38 (A), a container 1 is equipped 
with some of diaphragms 176 and attachment plates 350 so that the ink in a 
container 1 may be contacted. In the example of drawing 38 (A), the 
embedding to the module object of the electrode of reed wires 104a, 104b, 
404a, 404b, 504a, and 504b shown in drawing 36 from drawing 32 becomes 
unnecessary. Therefore, a forming cycle is simplified. Furthermore, it 
becomes exchangeable [ an actuator 106 ] and becomes recyclable. 
[0181] Drawing 38 (B) shows the cross section of an ink container as an 
example when equipping a container 1 with an actuator 106. the ink 
cartridge by the example of drawing 38 (B) - protection the member 361 is 
attached in the container 1 as another object in the actuator 106 therefore, 
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protection - although the member 361 and the actuator 106 are not united 
as modules - one side - it is - protection - a member 361 can be protected so 
that a user's hand cannot be touched at an actuator 106 The hole 380 
prepared in the front face of an actuator 106 is arranged by the side 
attachment wall of a container 1. An actuator 106 contains the piezo-electric 
layer 160, the up electrode 164, the lower electrode 166, a diaphragm 176, 
and the attachment plate 350. A diaphragm 176 is formed in the upper 
surface of the attachment plate 350, and the lower electrode 166 is formed in 
the upper surface of a diaphragm 176. The piezo-electric layer 160 is formed 
in the upper surface of the lower electrode 166, and the up electrode 164 is 
formed in the upper surface of the piezo-electric layer 160. Therefore, the 
principal part of the piezo-electric layer 160 is formed so that it may be 
inserted by the principal part of the up electrode 164, and the principal part 
of the lower electrode 166 from the upper and lower sides. The circular 
portion which is each principal part of the piezo-electric layer 160, the up 
electrode 164, and the lower electrode 166 forms a piezoelectric device. A 
piezoelectric device is formed on a diaphragm 176. A piezoelectric device and 
the oscillating field of a diaphragm 176 are the oscillating sections in which 
an actuator actually vibrates. The breakthrough 370 is formed in the 
attachment plate 350. Furthermore, the hole 380 is formed in the side 
attachment wall of a container 1. Therefore, ink contacts a diaphragm 176 
through the hole 380 of a container 1, and the breakthrough 370 of the 
attachment plate 350. Both the hole 380 of a container 1 and the 
breakthrough 370 of the attachment plate 350 form an ink reservoir, 
moreover - the example of drawing 38 (B) - an actuator 106 - protection 
since it is protected by the member 361, an actuator 106 can be protected 
from contact outside 

[0182] In addition, it may replace with drawing 38 (A) and the attachment 
plate 350 in the example of (B), and the substrate 178 of drawing 20 may be 
used. 

[0183] Drawing 38 (C) shows an operation form equipped with the mould 
structure 600 containing an actuator 106. In this example, the mould 
structure 600 is used as one of the attachment structures. The mould 
structure 600 has an actuator 106 and the mould section 364. An actuator 
106 and the mould section 364 are fabricated by one. The mould section 364 
is fabricated by reversible material, such as silicon resin. The mould section 
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364 has a reed wire 362 inside. The mould section 364 is formed so that it 
may have two legs prolonged from an actuator 106. the mould section 364 - 
the mould section 364 and a container 1 - liquid - since it fixes densely, the 
edge of two legs of the mould section 364 is formed in the shape of a 
semi-sphere A container 1 is equipped withjthe mould section 364 so that an 
actuator 106 may project inside a container 1, and the oscillating section of 
an actuator 106 contacts the ink in a container 1. The up electrode 164, the 
piezo-electric layer 160, and the lower electrode 166 of an actuator 106 are 
protected from ink by the mould section 364. 

[0184] Since the mould structure 600 of drawing 38 (C) has the unnecessary 
sealing structure 372 between the mould section 364 and a container 1, ink 
cannot leak from a container 1 easily. Moreover, by the mould structure 600 
projecting and bending from the exterior of a container 1, since it is a gestalt, 
an actuator 106 can be protected from contact outside. In case an ink 
cartridge shakes, an actuator 106 may incorrect-operate because the ink 
which ink was attached to the upper surface or the side of a container 1, and 
has hung down from the upper surface or the side of a container 1 contacts 
an actuator 106. Since the mould section 364 has projected the mould 
structure 600 inside the container 1, an actuator 106 does not 
incorrect-operate in the ink which has hung down from the upper surface 
and the side of a container 1. 

[0185] Drawing 39 shows the operation form of the ink cartridge using the 
actuator 106 shown in drawing 20 , and an ink-jet recording device. The 
ink-jet recording device which has two or more ink induction 182 and 
electrode holders 184 corresponding to each ink cartridge 180 is equipped 
with two or more ink cartridges 180. Two or more ink cartridges 180 hold the 
ink of a kind different, respectively, for example, a color. Each base of two or 
more ink cartridges 180 is equipped with the actuator 106 which is a means 
to detect an acoustic impedance at least. By equipping an ink cartridge 180 
with an actuator 106, the ink residue in an ink cartridge 180 is detectable. 
[0186] Drawing 40 shows the detail of the head section circumference of an 
ink-jet recording device. An ink -jet recording device has the ink induction 
182, an electrode holder 184, the head plate 186, and a nozzle plate 188. Two 
or more nozzles 190 which inject ink are formed in the nozzle plate 188. The 
ink induction 182 has the air supply mouth 181 and the ink inlet 183. The air 
supply mouth 181 supplies air to an ink cartridge 180. The ink inlet 183 
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introduces ink from an ink cartridge 180. An ink cartridge 180 has the air 
inlet 185 and the ink feed hopper 187. The air inlet 185 introduces air from 
the air supply mouth 181 of the ink induction 182. The ink feed hopper 187 
supplies ink to the ink inlet 183 of the ink induction 182. When an ink 
cartridge 180 introduces air from the ink induction 182, supply of the ink 
from the ink cartridge 180 to the ink induction 182 is urged. An electrode 
holder 184 opens for free passage the ink supplied through the ink induction 
182 from the ink cartridge 180 on the head plate 186. 

[0187] Drawing 41 shows other operation forms of an ink cartridge 180 
shown in drawing 40 . Base 194a by which ink cartridge 180A of drawing 41 
(A) was aslant formed in the vertical direction is equipped with the actuator 
106. Inside the ink container 194 of an ink cartridge 180, the 
breaking- the -water wall 192 is formed in the actuator 106 of predetermined 
height, and the faced position from the internal base of the ink container 194. 
Since it is aslant equipped with the actuator 106 to the vertical direction of 
the ink container 194, ****** of ink becomes good. 

[0188] The gap filled with ink is formed between an actuator 106 and the 
breaking-the-water wall 192. Moreover, the interval of the 
breaking-the -water wall 192 and an actuator 106 is vacated for the grade by 
which ink is not held according to the capillary tube force. When the ink 
container 194 rolls, the wave of ink occurs in the ink container 194 interior 
by rolling, a gas and air bubbles are detected by the shock with an actuator 
106, and an actuator 106 may incorrect-operate by it. By establishing the 
breaking-the-water wall 192, the wave of the ink of the actuator 106 
neighborhood can be prevented and the incorrect operation of an actuator 
106 can be prevented. 

[0189] It is equipped with the actuator 106 of ink cartridge 180B of drawing 
41 (B) on the side attachment wall of the feed hopper of the ink container 194. 
As long as it is near the ink feed hopper 187, the side attachment wall or 
base of the ink container 194 may be equipped with an actuator 106. 
Moreover, as for an actuator 106, it is desirable that the center of the cross 
direction of the ink container 194 is equipped. Since ink passes the ink feed 
hopper 187 and is supplied outside, ink and an actuator 106 contact certainly 
to an ink near end time by forming an actuator 106 near the ink feed hopper 
187. Therefore, an actuator 106 can detect the time of an ink near end 
certainly. 
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[0190] Furthermore, by forming an actuator 106 near the ink feed hopper 
187, in case the cartridge electrode holder on carriage is equipped with an 
ink container, positioning with the actuator 106 on an ink container and the 
contact on carriage becomes certain. In connection on an ink container and 
carriage, the positive combination with an ink feed hopper and a supply 
needle is the most important for the reason. It is because its nose of cam of a 
supply needle is hurt, or a damage will be given to sealing structures, such 
as an O ring, and ink will begin to leak, if there is a gap. In order to prevent 
such a trouble, the ink jet printer usually has the special structure which can 
do exact alignment, when mounting an ink container on carriage. Therefore, 
by arranging an actuator near the feed hopper, the alignment of an actuator 
also becomes a positive thing simultaneously. Furthermore, alignment can 
be more certainly carried out by equipping the center of the cross direction of 
the ink container 194 with an actuator 106. It is because there are few the 
shakes when an ink container carries out axial rocking a center [ a crosswise 
center line ] at the time of wearing to a electrode holder. 

[0191] Drawing 42 shows the operation form of further others of an ink 
cartridge 180. The cross section to which side -attachment- wall 194b of ink 
cartridge 180C which showed drawing 42 (A) in the cross section of ink 
cartridge 180C, and showed drawing 42 (B) to drawing 42 (A) was expanded, 
and drawing 42 (C) are the perspective drawing from the transverse plane. 
Ink cartridge 180C is formed on the circuit board 610 with same 
semiconductor storage means 7 and actuator 106. As shown in drawing 42 
(B) and (C), the semiconductor storage means 7 is formed above the circuit 
board 610, and the actuator 106 is formed under the semiconductor storage 
means 7 in the same circuit board 610. Side -attachment- wall 194b is 
equipped with variant O ring 614 so that the circumference of an actuator 
106 may be surrounded. Two or more caulking sections 616 for joining the 
circuit board 610 to the ink container 194 are formed in 
side-attachment-wall 194b. while the oscillating field of an actuator 106 can 
be made to perform contacting ink by joining the circuit board 610 to the ink 
container 194, and forcing variant O ring 614 on the circuit board 610 by the 
caulking section 616 - the exterior and the interior of an ink cartridge - 
liquid ■- it is kept dense 

[0192] The terminal 612 is formed in the semiconductor storage means 7 and 
semiconductor storage means 7 neighborhood. A terminal 612 delivers the 
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signal between the semiconductor storage means 7 and the exteriors, such as 
ink-jet storage. The semiconductor storage means 7 may be constituted by 
the rewritable semiconductor memory of EEPROM etc. On the same circuit 
board 610, since it is, the semiconductor storage means 7 and an actuator 
106 end like 1 time of a shipfitter, formation, now in case an actuator 106 
and the semiconductor storage means 7 are attached in ink cartridge 180C. 
Moreover, the routing at the time of manufacture of ink cartridge 180C and 
recycling is simplified. Furthermore, since the mark of parts are cut down, 
the manufacturing cost of ink cartridge 180C can be reduced. 
[0193] An actuator 106 detects the consumption state of the ink in the ink 
container 194. The semiconductor storage means 7 stores the information on 
ink, such as an ink residue which the actuator 106 detected. That is, the 
semiconductor storage means 7 stores the information about property 
parameters, such as the property of the ink used in case it detects, and an 
ink cartridge. The semiconductor storage means 7 stores resonance 
frequency when the ink within the time 194 of an end, i.e., an ink container, 
is consumed as one of the property parameters, when the ink in the ink 
container 194 is full beforehand (i.e., when ink is filled in the ink container 
194). The ink in the ink container 194 may be stored when, as for the 
resonance frequency of full or an end state, an ink-jet recording device is 
equipped with an ink container for the first time. Moreover, as for the 
resonance frequency of full or an end state, the ink in the ink container 194 
may be stored during manufacture of the ink container 194. Resonance 
frequency in case the ink in the ink container 194 is full or an end 
beforehand is stored in the semiconductor storage means 7, and since 
dispersion at the time of detecting an ink residue by reading the data of 
resonance frequency by the ink-jet recording device side can be amended, it 
is correctly detectable that the ink residue decreased to the reference value. 
[0194] Drawing 43 shows the operation form of further others of an ink 
cartridge 180. Ink cartridge 180D shown in drawing 43 (A) equips 
side-attachment-wall 194b of the ink container 194 with two or more 
actuators 106. It is desirable to use two or more really fabricated actuators 
106 which were shown in drawing 24 as an actuator 106 of these plurality. 
Two or more actuators 106 set an interval in the vertical direction, and are 
arranged at side -attachment- wall 194b. By setting two or more actuators 106 
in the vertical direction, and arranging an interval for them in it at 
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side-attachment-wall 194b, an ink residue is gradually detectable. 
[0195] Ink cartridge 180E shown in drawing 43 (B) equips 
side-attachment-wall 194b of the ink container 194 with the actuator 606 
long in the vertical direction. Change of the ink residue in the ink container 
194 is continuously detectable in the vertical direction with the long actuator 
606. As for the length of an actuator 606, it is desirable to have the length 
more than the half of height in side-attachment-wall 194b, and an actuator 
606 has the length to a soffit mostly from the simultaneously upper limit of 
side -attachment- wall 194b in drawing 43 (B). 

[0196] Like ink cartridge 180D shown in drawing 43 (A), ink cartridge 180F 
shown in drawing 43 (C) equip side-attachment-wall 194b of the ink 
container 194 with two or more actuators 106, set a predetermined interval 
to confrontation of two or more actuators 106, and are equipped with the long 
breaking- the -water wall 192 in the vertical direction. It is desirable to use 
two or more really fabricated actuators 106 which were shown in drawing 24 
as an actuator 106 of these plurality. The gap filled with ink is formed 
between an actuator 106 and the breaking-the -water wall 192. Moreover, the 
interval of the breaking-the-water wall 192 and an actuator 106 is vacated 
for the grade by which ink is not held according to the capillary tube force. 
When the ink container 194 rolls, the wave of ink occurs in the ink container 
194 interior by rolling, a gas and air bubbles will be detected by the shock 
with an actuator 106, and an actuator 106 may incorrect-operate by it. By 
establishing the breaking-the-water wall 192 like this invention, ****** G f 
the ink of the actuator 106 neighborhood can be prevented and the incorrect 
operation of an actuator 106 can be prevented. Moreover, the air bubbles 
generated because ink rocks the breaking- the -water wall 192 prevent 
invading into an actuator 106. 

[0197] Drawing 44 shows the operation form of further others of an ink 
cartridge 180. Ink cartridge 180G of drawing 44 (A) have two or more septa 
212 prolonged in a lower part from upper surface 194c of the ink container 
194. Since the predetermined interval is vacated, the soffit of each septum 
212 and the base of the ink container 194 are opening the bottom of the ink 
container 194 for free passage. Ink cartridge 180G have two or more hold 
rooms 213 which two or more septa 212 were alike, respectively, and were 
therefore divided. The bottom of two or more hold rooms 213 is mutually 
open for free passage. In each of two or more hold rooms 213, upper surface 
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194c of the ink container 194 is equipped with the actuator 106. It is 
desirable to use the really fabricated actuator 106 which was shown in 
drawing 24 as an actuator 106 of these plurality. An actuator 106 is 
arranged in the center of a simultaneously of upper surface 194c of the hold 
room 213 of the ink container 194. The capacity of the hold room 213 is 
becoming small gradually as the capacity of the hold room 213 has the 
largest ink feed-hopper 187 side and it keeps away from the ink feed hopper 
187 into the ink container 194. Therefore, the interval by which an actuator 
106 is arranged is narrow as the ink feed-hopper 187 side is large and keeps 
away from the ink feed hopper 187 into the ink container 194. 
[0198] Since ink is discharged from the ink feed hopper 187 and air enters 
from the air inlet 185, ink is consumed at the hold room 213 of the direction 
in the inner part of ink cartridge 180G from the hold room 213 by the side of 
the ink feed hopper 187. For example, while the ink of the hold room 213 
near the ink feed hopper 187 was consumed and the water level of the ink of 
the hold room 213 near the ink feed hopper 187 has fallen, ink is filled at 
other hold rooms 213. If all the ink of the hold room 213 near the ink feed 
hopper 187 is consumed, air will count from the ink feed hopper 187, and will 
trespass upon the 2nd hold room 213, the ink in the 2nd hold room 213 will 
begin to be consumed, and the water level of the ink of the 2nd hold room 213 
will begin to fall. It counts from the ink supply room 187, and ink is filled at 
this time at the hold room 213 of the 3rd henceforth. Thus, ink is consumed 
in order at the hold room 213 distant from the hold room 213 near the ink 
feed hopper 187. 

[0199] Thus, since an actuator 106 sets an interval to upper surface 194c of 
the ink container 194 and is arranged every hold room 213 at it, an actuator 
106 can detect reduction of the amount of ink gradually. Furthermore, since 
the capacity of the hold room 213 is becoming small gradually into the ink 
feed hopper 187 to the hold room 213, it can detect frequency highly, so that 
the time interval to which an actuator 106 detects reduction of the amount of 
ink becomes small gradually and it approaches an ink end. 
[0200] Ink cartridge 180H of drawing 44 (B) have one septum 212 prolonged 
in a lower part from upper surface 194c of the ink container 194. Since the 
predetermined interval is vacated, the soffit of a septum 212 and the base of 
the ink container 194 are opening the bottom of the ink container 194 for free 
passage. Ink cartridge 180H have two hold rooms 213a and 213b divided by 
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the septum 212. The bottom of the hold rooms 213a and 213b is mutually 
open for free passage. The capacity of hold room 213a by the side of the ink 
feed hopper 187 is seen from the ink feed hopper 187, and is larger than the 
capacity of hold room 213b in the direction of back. As for the capacity of hold 
room 213b, it is desirable that it is smaller than the half of the capacity of 
hold room 213a. 

[0201] Upper surface 194c of hold room 213b is equipped with an actuator 
106. Furthermore, the buffer 214 which is the slot which catches the air 
bubbles into which it goes at the time of manufacture of ink cartridge 180H 
is formed in hold room 213b. In drawing 44 (B), a buffer 214 is formed as a 
slot prolonged in the upper part from side-attachment-wall 194b of the ink 
container 194. Since the air bubbles which invaded in ink hold room 213b are 
caught, as for a buffer 214, an actuator 106 can prevent an ink end and the 
incorrect operation to detect with air bubbles. Moreover, ink can be 
consumed to the last by applying the amendment corresponding to the 
consumption state of the ink in hold room 213a grasped by the dot counter to 
the amount of ink after an ink near end is detected until it will be in ink and 
a state completely by forming an actuator 106 in upper surface 194c of hold 
room 213b. Furthermore, the amount of ink after ink near end detection 
which can be consumed is changeable by adjusting the capacity of hold room 
213b by changing the length and the interval of a septum 212 etc. 
[0202] drawing 44 (C) - hold room 213b of ink cartridge 1801 of drawing 44 
(B) -- porosity - it fills up with the member 216 porosity - a member 216 is 
installed so that the whole space from the upper surface in hold room 213b to 
the undersurface may be buried porosity a member 216 contacts an 
actuator 106 During reciprocating movement the time of an ink container 
falling, and on carriage, air may invade in ink hold room 213b, and this may 
cause the incorrect operation of an actuator 106. however, porosity if it has 
the member 216, it can prevent catching air and air going into an actuator 
106 moreover, porosity - since a member 216 holds ink, when an ink 
container shakes, it can prevent applying ink to an actuator 106 and an 
actuator 106 incorrect-detecting those without ink with those with ink 
porosity - as for a member 216, it is desirable to install in the hold room 213 
where capacity is the smallest Moreover, by forming an actuator 106 in 
upper surface 194c of nature of hold 213b, amendment can be applied to the 
amount of ink after an ink near end is detected until it will be in ink and a 
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state completely, and ink can be consumed to the last. Furthermore, the 
amount of ink after ink near end detection which can be consumed is 
changeable by adjusting the capacity of hold room 213b by changing the 
length and the interval of a septum 212 etc. 

[0203] drawing 44 (D) - the porosity of ink cartridge 1801 of drawing 44 (C) - 
two kinds of porosity from which an aperture differs [ a member 216 ] - ink 
cartridge 180J constituted by Members 216A and 216B are shown porosity - 
a member - 216A - porosity - a member ■■ it is arranged above 216B upper 
porosity - a member - the aperture of 216A - lower porosity - a member " it 
is larger than the aperture of 216B or porosity - a member - 216A - porosity 
■■ a member ■■ liquid compatibility is formed by the low member rather than 
216B the small porosity of an aperture - a member - the porosity of an 
aperture with the larger 216B - a member - since the capillary tube force is 
larger than 216A, the ink in hold room 213b gathers for lower porous room 
member 216B, and is held Therefore, once even an actuator 106 reaches and 
air detects those without ink, ink will reach an actuator again and it will not 
detect with those with ink. furthermore, the porosity of a side far from an 
actuator 106 -■ a member - ****** of about 106-actuator ink becomes good by 
ink being absorbed by 216B, and the variation of the acoustic-impedance 
change when detecting ink existence becomes large Moreover, by forming an 
actuator 106 in upper surface 194c of nature of hold 213b, amendment can be 
applied to the amount of ink after an ink near end is detected until it will be 
in ink and a state completely, and ink can be consumed to the last. 
Furthermore, the amount of ink after ink near end detection which can be 
consumed is changeable by adjusting the capacity of hold room 213b by 
changing the length and the interval of a septum 212 etc. 

[0204] Drawing 45 is the cross section showing ink cartridge 180K which are 
other operation forms of ink cartridge 1801 shown in drawing 44 (C). the 
porosity of an ink cartridge 180 shown in drawing 45 - a member 216 -- 
porosity ■■ it is compressed so that the cross section with the horizontal lower 
part of a member 216 becomes small gradually towards the direction of the 
base of the ink container 194, and it is designed so that an aperture may 
become small ink cartridge 180K of drawing 45 (A) ■- porosity - in order to 
compress so that the aperture in the direction of under a member 216 
becomes small, the rib is prepared in the side attachment wall porosity -- a 
member - since the aperture of the 216 lower part is small by being 
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compressed - ink - porosity ■- a member - it is collected in the 216 lower 
part and held the porosity of a side far from an actuator 106 - a member ~ by 
ink being absorbed by the 216 lower part, ****** of about 106-actuator ink 
becomes good, and the variation of the acoustic-impedance change when 
detecting ink existence becomes large Therefore, when ink shakes, ink is 
applied to the actuator 106 with which the ink cartridge 180K upper surface 
was equipped, it can keep, and an actuator 106 can prevent 
incorrect- detecting those without ink with those with ink. 
[0205] on the other hand - ink cartridge 180L of drawing 45 (B) and drawing 
45 (C) porosity ■■ in order that the cross section with the horizontal lower 
part of a member 216 may compress in the cross direction of the ink 
container 194 to become small gradually towards the base of the ink 
container 194, the horizontal cross section of a hold room is becoming small 
gradually towards the direction of the base of the ink container 194 porosity 
— a member - since the aperture of the 216 lower part is small by being 
compressed ink - porosity - it is collected in the lower part of a member 
216, and is held the porosity of a side far from an actuator 106 — a member -■ 
by ink being absorbed by the lower part of 216B, ****** of about 
106-actuator ink becomes good, and the variation of the acoustic-impedance 
change when detecting ink existence becomes large Therefore, when ink 
shakes, ink is applied to the actuator 106 with which the upper surface of ink 
cartridge 180L was equipped, it can keep, and an actuator 106 can prevent 
incorrect- detecting those without ink with those with ink. 
[0206] Drawing 46 shows the operation form of further others of the ink 
cartridge which used the actuator 106. Ink cartridge 220A of drawing 46 (A) 
has the 1st septum 222 prepared so that it might be prolonged from the 
upper surface of ink cartridge 220A to a lower part. Since the predetermined 
interval is vacated between the soffit of the 1st septum 222, and the base of 
ink cartridge 220A, ink can flow into the ink feed hopper 230 through the 
base of ink cartridge 220A. From the 1st septum 222, the 2nd septum 224 is 
formed in the ink feed-hopper 230 side so that it may be prolonged more 
nearly up than the base of ink cartridge 220A. Since the predetermined 
interval is vacated between the upper limit of the 2nd septum 224, and the 
ink cartridge 220A upper surface, ink can flow into the ink feed hopper 230 
through the upper surface of ink cartridge 220A. 

[0207] Of the 1st septum 222, it sees from the ink feed hopper 230, and 1st 
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hold room 225a is formed in the direction in the inner part of the 1st septum 
222. On the other hand, of the 2nd septum 224, it sees from the ink feed 
hopper 230, and 2nd hold room 225b is formed in the near side of the 2nd 
septum 224. The capacity of 1st hold room 225a is larger than the capacity of 
2nd hold room 225b. The capillary tube way 227 is formed by vacating only 
the interval which can cause capillarity between the 1st septum 222 and the 
2nd septum 224. Therefore, the ink of 1st hold room 225a is brought together 
in the capillary tube way 227 according to the capillary tube force of the 
capillary tube way 227. Therefore, a gas and air bubbles can prevent mixing 
to 2nd hold room 225b. Moreover, the water level of the ink in 2nd hold room 
225b can descend gradually stably. Since it sees from the ink feed hopper 230 
and 1st hold room 225a is formed in the back from 2nd hold room 225b, after 
the ink of 1st hold room 225a is consumed, the ink of 2nd hold room 225b is 
consumed. 

[0208] The side attachment wall by the side of the ink feed hopper 230 of ink 
cartridge 220A, i.e., the side attachment wall by the side of the ink feed 
hopper 230 of 2nd hold room 225b, is equipped with the actuator 106. An 
actuator 106 detects the consumption state of the ink in 2nd hold room 225b. 
By equipping the side attachment wall of 2nd hold room 225b with an 
actuator 106, when near, an ink residue is stably detectable with an ink end. 
Furthermore, it can set up freely which time the ink residue in is made into 
an ink end by changing the height which equips the side attachment wall of 
2nd hold room 225b with an actuator 106. Since an actuator 106 is not 
influenced by the ink by rolling of ink cartridge 220A of rolling when ink is 
supplied to 2nd hold room 225b by the capillary tube way 227 from 1st hold 
room 225a, an actuator 106 can measure an ink residue certainly. 
Furthermore, since the capillary tube way 227 holds ink, ink protects flowing 
backwards to 1st hold room 225a from 2nd hold room 225b. 
[0209] The check valve 228 is formed in the upper surface of ink cartridge 
220A. With a check valve 228, when ink cartridge 220A rolls, it can prevent 
ink leaking to the ink cartridge 220A exterior. Furthermore, the evaporation 
from ink cartridge 220A of ink can be prevented by installing a check valve 
228 in the upper surface of ink cartridge 220A. If the ink in ink cartridge 
220A is consumed and the negative pressure in ink cartridge 220A exceeds 
the pressure of a check valve 228, a check valve 228 will open, air will be 
inhaled to ink cartridge 220A, it will close after that, and the pressure in ink 



61/76 



Japanese Publication n^A~ : 2001-147146 



cartridge 220A will be held uniformly. 

[0210] Drawing 46 (C) and (D) show the detailed cross section of a check 
valve 228. The check valve 228 of drawing 46 (C) has the valve 232 which has 
wing 232a formed of rubber. The air hole 233 with the exterior of an ink 
cartridge 220 counters wing 232a, and is prepared in an ink cartridge 220. 
An air hole 233 is opened and closed by wing 232a. If the ink in an ink 
cartridge 220 decreases in number and, as for a check valve 228, the negative 
pressure in an ink cartridge 220 exceeds the pressure of a check valve 228, 
wing 232a will open inside an ink cartridge 220, and will take in external air 
in an ink cartridge 220. The check valve 228 of drawing 46 (D) has the valve 
232 and spring 235 which were formed of rubber. If the negative pressure in 
an ink cartridge 220 exceeds the pressure of a check valve 228, a valve 232 
will press and open a spring 235, will inhale external air in an ink cartridge 
220, will close a check valve 228 after that, and it will hold the negative 
pressure in an ink cartridge 220 uniformly. 

[0211] instead of ink cartridge 220B of drawing 46 (B) forming a check valve 
228 in ink cartridge 220A of drawing 46 (A) - 1st hold room 225a -■ porosity 
the member 242 is arranged porosity - a member 242 prevents ink leaking 
to the exterior of ink cartridge 220B, when ink cartridge 220B rolls, while 
holding the ink in ink cartridge 220B 

[0212] As mentioned above, in the carriage and the ink cartridge of another 
object with which carriage is equipped, although the case where an ink 
cartridge or carriage was equipped with an actuator 106 was described, it 
unites with carriage and the ink tank with which an ink-jet recording device 
is equipped with carriage may be equipped with an actuator 106. 
Furthermore, you may equip with an actuator 106 the ink tank of the 
off-carriage method which supplies ink to carriage through the tube of 
carriage and another object etc. Furthermore, you may equip with the 
actuator of this invention the ink cartridge which the recording head and the 
ink container were united and was constituted possible [ exchange ]. 
[0213] Various kinds of ink cartridges with an ink consumption detection 
function concerning the form of this operation were explained beyond "the 
liquid sensor and the storage means (consumption information memory)." 
These ink cartridges were equipped with liquid sensors (actuator etc.) and 
the storage means (semiconductor storage means). As a feature of the form of 
this operation, the function and advantage which are acquired with the 
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combination of these composition are explained below. 

[0214] When drawing 47 is referred to, an ink cartridge 800 is equivalent to 
the cartridge of drawing 1 . An ink cartridge 800 has the liquid sensor 802 
and the consumption information memory 804. The liquid censor 802 
consists of the elastic-wave generating meanses or actuators which were 
mentioned above, and outputs the signal according to the ink consumption 
state. The consumption information memory 804 is one form of the storage 
means for the liquid containers of this invention. The consumption 
information memory 804 is the rewritable memory of EEPROM etc., and is 
equivalent to an above-mentioned semiconductor storage means ( drawing 1 , 
reference number 7). 

[0215] The record device control section 810 consists of computers which 
control an ink-jet recording device. The record device control section 810 has 
the consumption detection processing section 812. Ink consumption detection 
equipment is constituted by the consumption detection processing section 
812, the liquid sensor 802, and the consumption information memory 804. 
The consumption detection processing section 812 controls the liquid sensor 
802, detects a consumption state, writes consumption related information in 
the consumption information memory 804, and reads consumption related 
information from the consumption information memory 804 further. 
[0216] The record device control section 810 has the consumption 
information presentation section 814 and the printing motion-control section 
816 further. The consumption information presentation section 814 shows a 
user the consumption status information which the consumption detection 
processing section 812 detected using a display 818 and a loudspeaker 820. 
The figure which shows an ink residue to a display 818 is displayed, and the 
information sound or the synthesized speech which shows an ink residue is 
outputted from a loudspeaker 820. Suitable operation may be guided by the 
synthesized speech. 

[0217] The printing motion-control section 816 controls the printing right 
hand side 822 based on the consumption status information which the 
consumption detection processing section 812 detected. The printing right 
hand sides 822 are a print head, head move equipment, form-feed equipment, 
etc. For example, when it is judged that the ink residue of the consumption 
detection processing section 812 was lost, the printing right hand side 822 is 
made to stop printing operation. 
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[0218] The record device control section 810 may control the composition of 
further others based on the detected consumption state. For example, ink 
supplement equipment, an ink cartridge swap device, etc. may be prepared, 
and they may be controlled. 

[0219] Next, the consumption information memory 804 is explained in detail. 
The consumption information memory 804 memorizes the consumption 
related information relevant to the detection of a consumption state which 
used the liquid sensor 802. Consumption related information includes the 
detected consumption status information. Consumption status information 
is memorized by the consumption status information storage section 806 of 
the consumption information memory 804. The consumption detection 
processing section 812 writes the consumption status information acquired 
using the liquid sensor 802 in the consumption status information storage 
section 806. And this consumption status information is read and it is used 
in the record device control section 810. 

[0220] It is advantageous in especially the desorption of an ink cartridge 800 
to memorize consumption status information in the consumption 
information memory 804. Where ink is consumed to the middle, suppose that 
the ink cartridge 800 was removed from the ink-jet recording device. There is 
always consumption information memory 804 which memorized the ink 
consumption state together with an ink cartridge 800. The same ink-jet 
recording device is again equipped with an ink cartridge 800, or another 
ink-jet recording device is equipped with it. At this time, a consumption state 
is read from the consumption information memory 804, and the record device 
control section 810 operates based on the consumption state. For example, it 
turns out that it was equipped with the cartridge with few [ ink ] empty or 
ink residues, and that is told to a user. Thus, the consumption status 
information before an ink cartridge 800 can be certainly used after 
desorption. 

[0221] Consumption status information may memorize further the 
consumption state presumed from the amount of printings. The amount of 
printings is expressed with the number of dots of ink-jet record for example. 
The amount of ink corresponding to one dot is known beforehand. The 
difference of the amount of ink according to the size of a dot may be taken 
into consideration. Ink consumption can be presumed from the number of 
dots in printing processing. The liquid sensor 802 can detect passage of an 
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ink oil level certainly. Then, it is suitable to presume the ink consumption 
state before and after oil-level passage from the amount of printings. This 
estimate is stored in the consumption information memory 804. 
[0222] In addition, detection of the oil-level passage by the liquid sensor 802 
is realized based on change of the residual vibration state mentioned above, 
for example. The residual vibration state -corresponds to the acoustic 
impedance. Moreover, oil-level passage may be detected using the reflected 
wave to the elastic wave mentioned above. 

[0223] Moreover, consumption related information includes detection 
property information. Detection property information is information used 
when acquiring a consumption situation using a liquid sensor. With the form 
of this operation, detection property information is the property which 
should be detected according to the consumption state of a liquid. Detection 
property information is information on the resonance frequency showing the 
size of an acoustic impedance. With the form of this operation, front 
[ consumption ] detection property information and the detection property 
information after consumption are memorized as detection property 
information. The detection property information before consumption shows 
the detection property, i.e., the detection property in an ink full state, before 
starting consumption of ink. The detection property information after 
consumption shows the detection property of the schedule detected when ink 
is consumed to predetermined detection goals, and a detection property when 
an ink oil level is specifically less than the liquid sensor 802. 
[0224] The consumption detection processing section 812 reads detection 
property information, and detects an ink consumption state using the liquid 
sensor 802 based on the detection property information. When the detecting 
signal corresponding to the detection property before consumption is 
obtained, consumption of ink does not progress yet but is considered that 
there are many residues of ink. It certainly turns out that an ink oil level is 
above the liquid sensor 802 at least. On the other hand, when the detecting 
signal corresponding to the detection property after consumption is obtained, 
consumption of ink progresses and there are few residues. The ink oil level is 
less than the liquid sensor 802. 

[0225] One of the advantages of memorizing detection property information 
in the consumption information memory 804 is explained. A detection 
property is decided by various kinds of factors, such as a configuration of an 
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ink cartridge, specification of a liquid sensor, and specification of ink. When 
design changes, such as improvement, are performed, a detection property 
may also change. If the consumption detection processing section 812 uses 
the always same detection property information, dealing with change of such 
a detection property is not easy. On the other hand, detection property 
information is memorized and used for the consumption information memory 
804 with the form of this operation. Therefore, change of a detection property 
can be coped with easily. Of course, when the ink cartridge of new 
specification is offered, a recording device can use the detection property 
information on the cartridge easily. 

[0226] Still more preferably, the detection property information for each ink 
cartridge of every is measured, and it is stored in the consumption 
information memory 804. even when the specification of an ink cartridge is 
the same, a detection property changes with manufacture dispersion For 
example, detection properties differ according to the configuration and 
thickness of a container. With the gestalt of this operation, since each ink 
cartridge has the consumption information memory 804, detection property 
information peculiar to the consumption information memory 804 is storable. 
The influence of detection on manufacture dispersion can be reduced, and 
detection precision can be improved. Thus, the gestalt of this operation is 
advantageous to a difference of the detection property of each ink cartridge. 
[0227] Moreover, detection property information may take the form of the 
"amendment information" on an amendment sake for the information for the 
detection which the printer driver of a printer (ink-jet recording device) has 
beforehand. The printer driver has the property information on the criteria 
for detection. The detection property information on the memory by the side 
of a cartridge is information on an amendment sake about the property 
information on criteria according to the individual difference of a cartridge 
according to the kind of cartridge. Concrete correction value is sufficient as 
detection property information. Or the delimiter of an amendment sake is 
sufficient as the detection property information as amendment information. 
Amendment corresponding to this delimiter is performed by the printer side. 
[0228] The consumption information memory 804 memorizes the information 
about ink as a storage means of the liquid container of this invention further. 
The consumption information memory 804 memorizes ink kind information. 
Furthermore, this storage means memorizes the date of manufacture, 
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cleaning sequence information, image-processing information, etc. These 
information can be used suitable also for control of an ink-jet recording 
device. 

[0229] Drawing 48 shows processing of the consumption detection processing 
section 812 using the consumption information memory 804. First, it is 
judged whether it was equipped with the ink cartridge (S10). Having been 
equipped with the ink cartridge used to a new article or the middle is 
detected. This processing uses the switch with which the ink-jet recording 
device was equipped (not shown). If equipped with a cartridge, detection 
property information will be read from the consumption information memory 
804 (S12), and consumption status information will be read further (S14). 
The consumption information presentation section 814 of the record device 
control section 810 and the printing motion-control section 816 use the read 
consumption status information. 

[0230] The consumption detection processing section 812 detects an ink 
consumption state using the liquid sensor 802 based on the read detection 
property information (S16). The detected consumption state is stored in the 
consumption information memory 804 (S18). This consumption state is also 
used for the record device control section 810. If it is judged whether the ink 
cartridge was removed (S20) and it is not removed, it returns to S16. 
[0231] Next, the suitable timing which stores detection property information 
in the consumption information memory 804 is explained. Here, it assumes 
storing the actual measurement of the detection property of each ink 
cartridge. 

[0232] If drawing 49 is referred to, the new ink cartridge carries the 
consumption information memory 804 which stored the standard detection 
property. A detection property is measured after an ink-jet recording device 
is equipped with this ink cartridge. A detection property is measured in 
between before a printing start from wearing. It is desirable to measure a 
detection property immediately after wearing to ensure measurement. 
[0233] A detection property is measured by the same method as detection of 
the usual ink consumption. A consumption state is detected using the liquid 
sensor 802, and the detection result (measured value) is recorded as a 
detection property at the time of a new article. The standard detection 
property of initial setting is changed into measured value. A start of printing 
detects a consumption state using the detection property after correction. 
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The advance situation of ink consumption is grasped as a detection property 
from the difference with the detection result newly obtained. 
[0234] According to the form of this operation, by adjustment of such an early 
detection property, dispersion based on the individual difference of an ink 
cartridge can be absorbed appropriately, and improvement in detection 
precision can be aimed at. 

[0235] Another suitable timing which stores a detection property in the 
consumption information memory 804 is explained. A detection property 
measure-of-information value may be stored in the manufacture process of 
an ink cartridge. Also in this case, dispersion based on the individual 
difference of an ink cartridge can be absorbed appropriately, and detection 
precision can be improved. Moreover, with this form, the measurement and 
record of a detection property before ink pouring are possible. Therefore, the 
measured value of both the detection property information before 
consumption and the detection property information after consumption is 
storable in the consumption information memory 804. 

[0236] Next, arrangement of the liquid sensor 802 on an ink cartridge 800 
and the consumption information memory 804 is explained. 
[0237] As for the liquid sensor 802 and the consumption information memory 
804, it may be arranged in a different place on an ink cartridge 800 ( drawing 
1 , drawing 7 , etc.). Both composition may be arranged in a different place on 
the same wall surface on an ink cartridge 800 ( drawing 42 ). It may be 
arranged at the wall surface from which, as for both composition, an ink 
cartridge 800 differs, respectively ( draw-ing 1 etc.). The wall surface in which 
the liquid sensor 802 is installed may lie at right angles to the wall surface in 
which the consumption information memory 804 is installed ( drawing 7 , 
drawing 9 ). 

[0238] Reference of drawing 50 is preferably equipped with the liquid sensor 
802 and the consumption information memory 804 in the center of the 
container cross direction. In drawing 50 , the feed hopper 830 is formed in 
the cartridge under surf ace. The liquid sensor 802 and the consumption 
information memory 804 are formed in the wall. There are all these in the 
center of the container cross direction. Furthermore, the liquid senBor 802 
and the consumption information memory 804 are formed near the feed 
hopper 830. The advantage of such arrangement is explained below. 
[0239] Drawing 51 (a) and drawing 51 (b) show the example of composition of 
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positioning of a feed hopper. The square locating lug 832 is formed in the 
circumference of the feed hopper under a cartridge (not shown). A locating 
lug 832 is inserted in the positioning crevice 834 by the side of a recording 
device. The positioning crevice 834 has a locating lug 832 and a 
corresponding configuration. 

[0240] With the above-mentioned composition, an ink cartridge is positioned 
by the ink-jet recording device by the feed hopper 830. Both a feed hopper 
830, the liquid sensor 802, and the consumption information memory 804 are 
formed in the center of the cross direction of a container. Therefore, the 
amount of position gaps of the liquid sensor 802 by such rotation though 
equipped with a cartridge in the state where it rotated somewhat 
horizontally focusing on the feed hopper 830, and the consumption 
information memory 804 decreases, and, thereby, positioning accuracy can 
be improved. 

[0241] Furthermore, as shown in the above-mentioned example, generally 
high positioning accuracy is required of a feed hopper, and the composition 
for positioning which fills this demand is prepared. By preparing a sensor 
and memory near the feed hopper, the composition for positioning of a feed 
hopper functions also as composition for positioning of a sensor and memory. 
One composition for positioning acts not only on a feed hopper but on a 
sensor and memory. Positioning of a sensor and memory can be performed 
with easy composition. And improvement in detection precision can also be 
aimed at. 

[0242] Moreover, with the gestalt of one operation, it is prepared on a 
desirable consumption detection substrate with same liquid sensor 802 and 
consumption information memory 804. Drawing 42 shows the example of 
such composition. In drawing 42 , semiconductor memory 7 and the actuator 
106 are formed in the same substrate 610. According to this composition, 
attachment of a sensor and memory is easy. In drawing 52 , further, the 
consumption detection substrate 836 is near the feed hopper 830, and is 
arranged in the center of the container cross direction. Thereby, a position 
gap can be made small as mentioned above. 

[0243] Moreover, a consumption detection substrate is preferably equipped 
with the attachment module object with which a liquid sensor (actuator) and 
the attachment structure were unified. The attachment module object is 
shown in drawing 32 etc. By adoption of an attachment module object, as 
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mentioned above, a liquid sensor can be protected from the exterior. 
Moreover, attachment can become easy, work can be simplified and 
reduction of cost can be aimed at. 

[0244] If it returns to drawing 42, with the form of this operation, the 
positioning structure of positioning a consumption detection substrate to a 
liquid container is established. Although the reference number is omitted in 
drawing 42, as shown in the side elevation of drawing 42 (B), two or more 
salients for substrate attachment have projected toward the outside from the 
ink cartridge. This salient has a positioning function. The number of a 
salient is five. As shown in the front view of drawing 42 (C), the salient of 
two is prepared in one up and prepared in the center at 2 and a lower part. 
These salients have fitted into the tooling holes (and mounting hole) of a 
substrate 610. Since a substrate is positioned correctly by this, attaching 
position precision can be improved. 

[0245] The positioning structure of a substrate is not limited above. A salient 
may engage with a notch slot. A substrate may get into the crevice by the 
side of a container. At the time of wearing, the periphery of a substrate is 
restrained by the wall of a crevice and, thereby, positioning is realized. The 
perimeter of a crevice and the perimeter of a substrate do not need to have 
the same configuration. At least two ribs may be prepared in a crevice, and a 
substrate may be pinched by these ribs. 

[0246] Next, the form of another operation of this invention is explained. 
[0247] Drawing 53 is the functional block diagram of the ink-jet recording 
device equipped with the ink consumption detection equipment of the form of 
this operation. Unlike the composition of drawing 47, an ink cartridge 900 is 
equipped only with the liquid sensor 902. The consumption information 
memory 910 is arranged at the record device control section 904. 
[0248] The recording device control section 904 has the consumption 
detection processing section 906, the consumption information presentation 
section 912, and the printing motion-control section 914 like the composition 
of drawing 47. The consumption information presentation section 912 shows 
a user the detected consumption state using a display 916 and a loudspeaker 
918. The printing motion-control section 914 controls the printing right hand 
side 920 based on the detected consumption state. 

[0249] The record device control section 904 has the cartridge discernment 
section 908 further. Ink consumption detection equipment is constituted by 
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the consumption detection processing section 906, the cartridge discernment 
section 908, the consumption information memory 910, and the liquid sensor 
902. 

[0250] The cartridge discernment section 908 discriminates the ink cartridge 
with which the ink-jet recording device is equipped. The consumption related 
information corresponding to the discriminated ink cartridge is read from 
the consumption information memory 910. As mentioned above, 
consumption related information includes consumption status information 
and detection property information. The consumption status information 
which it is as a result of detection is used in the consumption information 
presentation section 912 and the printing motion-control section 914. 
Detection property information is used for detection processing in the 
consumption detection processing section 906. 

[0251] The example of above detection equipment of operation is explained. 
When equipped with an ink cartridge 900, the cartridge discernment section 
908 discriminates an ink cartridge 900, and records identification 
information on the consumption information memory 910. For example, the 
identification number attached to the ink cartridge 900 is read. 
Identification information may come to hand from the liquid sensor 902. 
Moreover, in the case of wearing, as explained using drawing 49, a detection 
property is measured and it is stored in the consumption information 
memory 910. A consumption state is measured using this detection property, 
and it is recorded on the consumption information memory 910. 
[0252] An ink cartridge 900 is removed and suppose that it was equipped 
again. At this time, the information on the cartridge with which it was 
re-equipped remains in the consumption information memory 910. The 
information is read and it is used for subsequent processings. 
[0253] Thus, according to the form of this operation, even when consumption 
information memory is arranged at the recording device side, the same 
advantage as the form of above-mentioned operation is acquired. 
[0254] Various kinds of further deformation adapting the form of this 
operation is also possible. For example, consumption information memory 
may be divided into an ink cartridge and the record device control section. 
One side may record a consumption state and another side may record 
detection property information. Moreover, one iside may record standard 
detection property information, and another side may record the measured 
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value of a detection property. 

[0255] With the form of another operation, consumption information memory 
may be prepared in an ink cartridge, and a liquid sensor may be formed in a 
recording device side. The example of such composition is shown in drawing 
15. Furthermore, the composition which prepared both a liquid sensor and 
consumption information memory in the recording device is also employable. 
[0256] Other modifications about the form of operation are explained. 
[0257] With the form of this operation, the consumption state which it is as a 
result of detection, and the detection property information used for detection 
were recorded on consumption information memory as consumption related 
information. On the other hand, only one information may be recorded. 
[0258] In drawing 47 and drawing 52, one liquid sensor was formed in the 
ink cartridge. On the other hand, two or more liquid sensors may be formed. 
A consumption state more detailed than using the liquid sensor of these 
plurality is recorded. Moreover, it is desirable to record detection property 
information for each liquid sensor. 

[0259] The liquid sensor was constituted from the piezoelectric device by the 
form of this operation. As mentioned above, change of an acoustic impedance 
may be detected using a piezoelectric device. A consumption state may be 
detected using the reflected wave to an elastic wave. The time from 
generating of an elastic wave to arrival of a reflected wave is found. A 
consumption state should just be detected by a certain principle using the 
function of a piezoelectric device. 

[0260] With the form of this operation, while the liquid sensor generated 
vibration, the detecting signal which shows an ink consumption state was 
generated On the other hand, a liquid sensor generates vibration personally 
and may also drop off. That is, a line trap potato is good in both oscillating 
generating and a detecting- signal output. Vibration is generated by another 
actuator. Or when vibration occurs in an ink cartridge with movement of 
carriage etc., a liquid sensor may generate the detecting signal which shows 
an ink consumption state. Ink consumption is detected by printer operation 
using vibration generated automatically, without generating vibration 
positively. 

[0261] The function of drawing 47 and the recording device control section of 
drawing 52 does not need to be realized by the computer of a recording device. 
A part or all functions may be prepared in an external computer. A display 
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and a loudspeaker may also be prepared in an external computer. 
[0262] With the form of this operation, the liquid container was an ink 
cartridge and liquid use equipment was an ink- jet recording device. However, 
ink containers other than an ink cartridge and an ink tank are sufficient as a 
liquid container. For example, the sub tank of a head end may be used. 
Moreover, the so-called off* carriage type of cartridge is sufficient as an ink 
cartridge. Furthermore, this invention may be applied to the container which 
holds liquids other than ink. 

[0263] As mentioned above, although this invention was explained using the 
form of operation, the technical range of this invention is not limited to the 
range given in the form of the above-mentioned implementation. Various 
change or improvement can be added to the form of the above-mentioned 
implementation. It is clear from the publication of a claim that the form's 
which added such change or improvement it may be contained in the 
technical range of this invention. 
[0264] 

[Effect of the Invention] As explained above, according to this invention, by 
adoption of composition of equipping a liquid container with a storage means, 
a detection result can be used suitably and improvement in ability to detect 
is attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing showing monochrome, for example, one example of 
the ink cartridge for black ink. 

[Drawing 2] It is drawing showing one example of the ink cartridge which 
holds two or more kinds of ink. 

[Drawing 3] It is drawing showing one example of the ink-jet recording 
device suitable for the ink cartridge shown in drawing 1 and 2. 
[Drawing 4] It is drawing showing the detailed cross section of the sub tank 
unit 33. 

[Drawing 5] It is drawing showing the manufacture method of the 

elastic-wave generating meanses 3, 15, 16, and 17. 

[Drawing 6] It is drawing showing other operation gestalten of the 
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elastic-wave generating means 3 shown in drawing 5 . 

[Drawing 7] It is drawing showing other examples of the ink cartridge of this 
invention. 

[Drawing 8] It is drawing showing the example of further others of the ink 
cartridge of this invention. 

[Drawing 9] It is drawing showing the example of further others of the ink 
cartridge of this invention. 

[Drawing 10] It is drawing showing the example of further others of the ink 
cartridge of this invention. 

[Drawing ll] It is drawing showing the operation form of further others of 
the ink cartridge of this invention. 

[Drawing 12] It is drawing showing other operation forms of an ink cartridge 
shown in drawing 11 . 

[Drawing 13] It is drawing showing the operation form of further others of 
the ink cartridge of this invention. 

[Drawing 14] It is drawing showing the flat surface of the operation form of 
further others of breakthrough lc. 

[Drawing 15] It is drawing showing the cross section of the operation form of 
the ink-jet recording device of this invention. 

[Drawing 16] It is drawing showing the operation form of the ink cartridge 
suitable for the recording device shown in drawing 15 . 
[Drawing 17] It is drawing showing other operation forms of the ink 
cartridge 272 of this invention. 

[Drawing 18] It is drawing showing the ink cartridge 272 of this invention, 
and the operation form of further others of an ink-jet recording device. 
[Drawing 19] It is drawing showing other operation forms of an ink cartridge 
272 shown in drawing 16 . 

[Drawing 20] It is drawing showing the detail of an actuator 106. 
[Drawing 21] It is drawing showing the circumference of an actuator 106, 
and its equal circuit. 

[Drawing 22] It is drawing showing the relation between the density of ink, 
and the resonance frequency of the ink detected by the actuator 106. 
[Drawing 23] It is drawing showing the counter-electromotive-force wave of 
an actuator 106. 

[Drawing 24] It is drawing showing other operation forms of an actuator 106. 
[Drawing 25] It is drawing showing some cross sections of the actuator 106 
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shown in drawing 24 . 

[Drawing 26] It is drawing showing the cross section of the whole actuator 
106 shown in drawing 26 . 

[Drawing 27] It is drawing showing the manufacture method of the actuator 
106 shown in drawing 24 . 

fDrawing 28] It is drawing showing the operation form of further others of 
the ink cartridge of this invention. 

[Drawing 29] It is drawing showing other operation forms of breakthrough lc. 
[Drawing 30] It is drawing showing other operation forms of an actuator 660. 
[Drawing 31] It is drawing showing the operation form of further others of an 
actuator 670. 

fDrawing 32] It is the perspective diagram showing the module object 100. 
[Drawing 33] It is the exploded view showing the composition of the module 
object 100 shown in drawing 32 . 

[Drawing 34] It is drawing showing other operation forms of the module 
object 100. 

[Drawing 35] It is the exploded view showing the composition of the module 
object 100 shown in drawing 34 . 

[Drawing 36] It is drawing showing the operation form of further others of 
the module object 100. 

[Drawing 37] It is drawing showing the example of the cross section which 
equipped the ink container 1 with the module object 100 shown in drawing 
32 . 

[Drawing 38] It is drawing showing the operation form of further others of 
the module object 100. 

[Drawing 39] It is drawing showing the operation form of the ink cartridge 
using the actuator 106 shown in drawing 20 and drawing 21 , and an ink-jet 
recording device. 

[Drawing 40] It is drawing showing the detail of an ink -jet recording device. 
[Drawing 4l] It is drawing showing other operation forms of an ink cartridge 
180 shown in drawing 40 . 

[Drawing 42] It is drawing showing the operation form of further others of an 
ink cartridge 180. 

fDrawing 43] It is drawing showing the operation form of further others of an 
ink cartridge 180. 

fDrawing 44] It is drawing showing the operation form of further others of an 
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ink cartridge 180. 

[Drawing 45] It is drawing showing other operation forms of an ink cartridge 
180 shown in drawing 44 (C). 

fDrawing 46] It is drawing showing the operation form of further others of 
the ink cartridge using the module object 100. 

fDrawing 47] It is the block diagram showing the composition which 
prepares a liquid sensor and consumption information memory in an ink 
cartridge with an ink -jet recording device. 

[Drawing 48] It is the flow chart which shows operation of the consumption 
detection processing section of drawing 46 . 

[Drawing 49] It is drawing showing the record timing of the detection 
property to the consumption information memory of drawing 46 . 
[Drawing 50] It is drawing showing the liquid sensor to an ink cartridge, and 
the example of arrangement of consumption information memory. 
[Drawing 51] It is drawing showing the example of arrangement of the feed 
hopper of an ink cartridge. 

[Drawing 52] It is drawing showing the liquid sensor to an ink cartridge, and 
the example of arrangement of consumption information memory. 
[Drawing 53] It is drawing showing the example of the ink-jet recording 
device concerning the form of another operation. 
[Description of Notations] 
800 Ink Cartridge 
802 Liquid Sensor 

804 Consumption Information Memory 

806 Consumption Status Information Storage Section 

808 Detection Property Information- Storage Section 

810 Record Device Control Section 

812 Consumption Detection Processing Section 

814 Consumption Information Presentation Section 

816 Printing Motion- Control Section 
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[If #35 1 1 .«(WJffl««lw«#* ^5«flbB«-C*> 

ot; 

[»#* 2 ] ffiBEtt#a:#tl<fKH&tiftt*Etti-£ 
r i: «r«M»i"f-5HlJWI 1 KE«t©tttt&«. 
..IM** 3] ttE*KH»flrtt.f*, mJEiStfMrvf-S: 

1 fcB«©K»9«. 

[8**5.5). K ltrEE«#aW:, meifttttttttflmfc u 
i: -T 5 St 4 fcE«©.i8#§*. 

[§*#« 6 ] . msMSM^sttts mmfcmm&m m t l 

TV^ri:Sr4#«t-f-5ii*«4~5K)VN-riT,*^fE« 
©i£#S3§ 0 

[|»*«7] .ffiE4*m<l*ttflt*tt* «H" vvf-^v 

*©*# $ **-f *wa«E»©**-c *>* £ t *&mt 
[n**8]' «&EE«#att, -< ^wwKriait-f 

5ii*«tit4 St#* 1 fcE*©«fl«&«. 
Ttt#Lfc*«^fc3£it:4Wii-5l*#*8fc:E* 

iwawuoj utrEEH^af*. mszmmumm®.^ 
fem.zteM-r z> £ t i-sai** 4-7 ©v *r*i, 

[M*4 1 1 ) HuEEtt^at*. «ftE«*$«©ai& 
t SrW»fc-f 5»#*4 ~ 7 ©^TfuWcE*©*** 

So 

[RM12] *nEE«#*tt» «»*tr«*«rE«"*- 

5 r t t i-* 1 tzKmamv&m. 

3] jtftEE«^a«\ IIIJtftfeftlfHlfclB 
»f * - 1 fc4**£ 1 £Ett©JKti&«. 

1 4 ] miBffifl^ i ttrEEit^a t « in 
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So 

4~i6 ©v >i>a»icie*©ttflce«. 

8] MESEfl^iHc.fctK tf^vi^- 
«rW»4:-t-*» 1-17 ©V^i"HA»tffi«©«flcS 

>0 So 

1 8 fcE*©ttttS«. 
[|f*^2 0] WEE*¥«f±*HMiE>*!Jfc-&tf£ 
i: Sr#m i: 1" 5 If 1 - 1 9 ©V ^■«T,36»KE«©Kflc 

Iff #J£ 2 1 3 g8#3g 1-2 0 ©v vf *tjWJ:E*c©iSE 

iai*« 2 2 ] HuEEi«#af*»m^igT-fc5 £ t & 
&mt-rzm*ig. 1 fcE*t©«fl«&«..., 

2 3 ] atrEEis^a»±?sfl£^gfc-flE^Ki o 

[^©P^lft^l 
[000 1] 

40 ttflae«teHu, $^>lci^b<»i, JEA*ffe*aKJ:5 

[0 0 0 2] 



<3) 
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ttfc-r * 9 * j x/vib p t*h<< m t bxstaj-f-s j 

X/HHI D t *ffiz-tc( "st -s* y h&SBa^y 

.tip .iE«K«ic»bT*jBfBrsB**- h y t 

[iO 0 0 3] t¥5*E, -fy^#-Ms' W »»o 

[0 0 0 4] LJ^Uftj&SbV h^TlCfcU-f V:? 

ffi^rt(OJg.^SS©iS<g:x -i^st/li — hi) */i?<DMM 
&©S3fii*IHK a— if^-i' KT©«[ffl«UCo*v^j:^^ 
iot, A^si?*— hy y^rtoE^v^-OttSiSS 
^•fkb-CL4V\ fi-|l±<^v*tg£*<tliii©?N£* 

[00 0 5] — ««»J:«t9-<^^*tH***tfc«FjS 

ifi.ffkfe&fiX b* 5o Sffii-f % s9 2>— h y 
*«fc»lt50-c» h y 3^©«t=»* h 

a>s A/-e b* 5 i v % 5 ia« t> *> o /t. 

[000 6] 

[*BB*s«RfcbJ: 5 *rT*»Wtt, ±E 

SSrittJW-3ri:*rI«£i-5. *JBW©«t©e 

[000 7] ^WfiWfcJBft&flJffl-brttflea**:** 



[0008] ±IE© BWtt^ffWjRro^ffltctJj-tSMsS: 
jSi£fB«©*fcm©*a^-&:fc-£K «fc 9 igf££ i-us. * fctfc 

[0009] 

watw&w.&'f *s=. y ME@M-efc <o . mw® 

^ft-i^st*- Y y y^t?fc5. *3SBJ©?£{fcs^i. 

* y t?*> 9 > mmmn* * y ««^igx-*> 

[0 0 10] ffi»B8X1ft*a. 'HWEttttlri'-frSrfll^T 
bfctt»-r?»fl«S«!S s «(*3PJfflSSlt*»?>Wi 9 ^ * 

m*m b-cswffl-c* So ■t*i3*>«»oKfKfl s ot« 

[00 11] tg*l8Jitl»»±, «flc*^1>-SrfflV^ 

xmx&M*&nirzi§&\z.%\m-tz&mm&fiinx-i> 

»*b<«*SMI&icroffi«T*t«t 

[0012] xamtt* iiAOKfravotttuM 




5 

[0013] &ai#l4tiir#f4, «fr««rt©«flc©ffl* 
[0 0 14] !E1S#i9: HMMMR**y) tt» 

**t*m s^s. t©«jt«[a«ii«MiMiJ« * y 
^a^<ffbo#srig«]^siJtx-e%. *ffl»ieoifii± 

[0 0 15] EMR (1MMMM*!0 »f> 

[0 0 16] IElS#Stts **tWMR«rei*L-Ct>J: 
[0017] BWMtfiM fcH-fSflMISrlBli LT 

[0 0 18] «fls*^fcB1i*»tt, «#*»±©* 

[0019] Kfte^fcitfEia^NM*, *b*:#gi 
# t;rtt1-5^#ir >-y-*5.fcLM * y ©-tflrfii* ttSr/J^ < 

■e#5t^5fiJ^;* s #btt5. ate 

[0020] OJHR <* 
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J:tf>*.y -c*>5. S«*f, 

[0021] m#±^-v-twitttemm*-mt£ 

io [0 0 2 2] mtiiZmfc®&\Ztt LTteB&fci-S&it 
5. 

[0023] » * u < nm&m*\zft ? ^s-r v 

[0024] SfcitfrfBiKfr-irv-y-ff , -DtrfB«it««oM 

[0 0 2 5] |E«#«HU EEPROMOip^t* 
[00 2 6] *|6KroSU(OlS«ttJS{«*m^g^fc5. 

-fe^-y-fiffim^T-Sr^-f-So iftflES»rt©«*©iii*« 
[0 0 2 7] £©fl§|Tetf\ rg^-fe>-y-*3<t^^ycD 

*VCt><fcV> 0 

[00 2 8] Wfl^^1Tf±tt#*«fc«*.& 

40 [0029] *&w<DM<Dmmn. m&mm\>vDm&<D 

[0 0 3 0] 4J3JiEO*WO«RW:, *|gBJW£>S/«c 
[00 3 1] 




7 

100 3 2] *f« *mmmffi<oj%m*mwirz 0 *k 

[X) o 3 3 ] ^mMiDmm^mt u-c. w #— h 
sat*. *%w<DWift®mmvt&m 

[0 0 3 4] ffiftHSflMttt* ttflft^Srffl 
iJ5^ v?x y 0 ^-J H> 

Sit *6£* * y a»S>WWH LTft|^-e# 5. 
[0 0 3 5] ffiJtBHtflHttt. 

[0 0 3 6] #|«£©7l2iSfi. -f^*-M)s/ v 5 ©^ 

^5. IS*©*- h y yS?©«mi*tt*:iimffif*** 
T-£, &ffl»«©ft±#iaav5. 

[0037] £fet-. ****** yi±» *5gW©1Eti 

[0 0 3 8] WT-Cf*s EffiSr#it-C*Il»i*J: 

tt»co-^vNT> &m&ffi©#wsffl£tftK-t-5. 

[0 0 3 9] *»fe©^^*5Vv-C, 
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[0040] r^v^^^5r^mi-?.*-Ky y5?J * 

^(Dmw<D^m<ommt LTiivKoa*©;^;^*. 

;* ©^te^fcrT 5 o ^iK^-^v;*© 

S£fd«iT^^— *©fi»)g15§rigSj£it\ •£©&£: 

fete, tS»)S:^^t--^^-fc t # d^ffi-^mJIffico^jfe 

-ov^T^±^5fi-f-2>o 
[004 1] Bid, ^h5*fe« 0iJx»J 

®Se©W v^HUHI'tc«^-sw y^ft^a2 *sRit 
fetv-CV^So SIS 1 ©HE® 1 a ©^MWwl±, #ttft|B^ 
#® 3 asgHSrtf' UTrtge©^ tvi#ttSSr€^^% 

34i-r ^^tt»a 2 «t <5 t^T±*©fi:S{- 
tW^HTV^o ft*5> aMr^fttrMKfHtr, 

[0 0 4 2] 4 istmi&U 2*C(i/-?y^f>'4X.0 5 #*6 

m^v k 3 1 3 2 t^^-a- 

i"5o ##6f4, ^5»dJ;oT>'<5'^V4(rS!tLT^ 
^f#S$tVT</^o -< V^^ff 3 2 t>m*£ftz t . 
##6M^t W&ft 3 2 iwff * *VT W V * Mtt 

so 3 2 isXs&m^ ?V3i ~-{&&£h<z>o mm 1 
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[0043] lU 2 tt, 1igflI®<ZM SrJlX^-f-S-r >- 

h y S '^c>-^JS0iJSr*-t-*ffi!i^e)^.fc^ia'c* 

&5„ ^3§8H, BSM»C«tt) 3o©^y^t9, IOTA 
tfl Hw^#]$ti-5. ^ft-eft©--^^^*, -f^* 
m&U 12, 1 3j£tf 1 4#JF2££$*VC^3 0 ^r^fr 
©^^19, 1 ltf)JiEffi 8 aKtt, 

£3Mfcl 5, 1 6*i«fctf 1 7 2*, ^8 5r^L-C#-< V 

[0 0 4 4] |2]3(i, miRXf2\Z7F\^tz'( 

[0 0 4 5] I34te, -V-??^?^-? h 3 3(Df¥*ffl£ 
^i-^fffiia-Cfc^, yh33 Ji, 

#t*&#f 3 2 . ^fy^S34, I#3 6> SOt7-f/V^3 
7Sr^ri-5 0 ^^^134^^11, ^fy^^-hy?-^ 
A>t>-f ^tfcjjgfl-3 2 tr^h L-c#t^$H?>-r ^HXS 
Jgl#3 6ti, -fy^S3 4 ^^^^«^SS3 5 

3 5 lilE&~ y K 3 1 icigil LX*S t) , -TV 
^*1B«k^y K3 i*T?«iieSixa«364*o-CV^5. 
[004 6] EI3KSH-J; 51-, *g£gi©-f v^tfc&P 

l/9=.-y V 3 3 <T>4 3 2 

i-^t, ##6aS/<*5KtaLT^iI;U 'fy^lKi 5 

^|girt©-rv^dwv^^3 4«tiii 

y K 3 1 <DJ XA-M P ^-erTlE^^- y K 3 

[004 7] fE^fb^Jw £ 0 ffift^ y K 3 1 v vcW 

5©t> |ll4lC^-rJ:5tC, «#3 6##fls3 8i&i&« 

4<Djy 3 5 4rfl-LTB*~y K3 1 

{cSgn^tfc lasts' K3 l^cD-f 
T, $^1 CD-f -f>-i?^ff3 2Sr^UT-y-7' 

^ 3.=. 7h33 KSfcit&tf, 
[0 0 4 8].|E^e<Ditl^»rai 3 ^fi> *>fed>t«>K 

mztiit&mof'f s>-y*, «*.tf-jfe«JM-e#tt«* 

[0 04 9] M£K#£?9k 3 1 feW*-*"* ^ t 
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tsrtms. #3PJiC«fc;h,fi, t«l©»t 

[0 0 5 0] HS.I4, #ffi£36£^l&3, 15, 16, 

( I ) £ 5 fc, 2 0 <Dmmz—jj<D^M 

io £4**m»*«i2.1«r#J*i-ai ® s (II) ic 

5 tw, attttt^Ji 2 i <o*ffi^jEn*t^w^ y - 

W— h 2 2 SrSiaSo ^t-, SI 5 (III) {c^-f-«t 5 

^^.tf 1 2 0 0° C-C-SSfiBr?-5o *.K1, 05 (IV) 
»C*i-«t5^, 4 5 2 3Srt/y 

h 2 2 ©^SIC^L-C, fc*p^-Siil^Itgt-> 
@i-5<, US (V) tw^-fiptc, @^S«2 

0 Sr#*T-*te«»ri-«. @^£«2 0Sr^»SiJ^(c:J; 

3tK ®mi<Dffife<omtem%£frx. %tmmttimmtt 
ioo-5i]a«i4, b 5. \z.tp vtcfttemsttk^m 3 <o 

PcM 2 1 -&ffl$fflMk LT(£ffi L-T^5„ HI 6© 

^J£0"!ltc*3V^Tfi, ^y— h 2 2lci*)«*$H 

S^^F-2 1 a Rtf 2 3 a SrJ&JWS. 1 a 

St/ 2 3 a tC i 9 , #ttStli^#^ 3 OBRXK'sOt 
30 SWftH^* s "srt8i:ft9, y- mo5l#(elL.^Si: 
ft5„ 

[0 0 5 2] t r, ?>t?, #tt*t4, ft*, «fW8J:tfia 
*Srj«*i Lte«t5 - i 5S©-ltfc2>„ 

*^ft-5o let, #tt«^e«M-5a*©JCfl:KJ:o 

40 «#o««B«r«iar<5»g-l5:H:, .«*..ff3W4«aMfe«« 
Sr^ffl-TSo Sll~ia3<D^«gSrWci:oT^-t-?.i: 

*E<c^i-5c «ff©*iB-Ctt:JBiflE4:ft#t«*J»Sr«' 
so oKtt)trtttt^# S. #tti6^^#^3<i, WtLT 
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[0 0 5 3] ±IE Lfc <fc 5 Ul, 5*ttft^^#S 3 IC .t o 

[0054] 5MtiHS£#« 3 £^3§ 1 JC^ttS r k I- 
[0 0 5 5] 121 7 te, #$gej<7M yv'o* 

mk£.^& 4 1~ 4 4 1 ©IMS-ht-^tt fcft'C 

v^ 0 07©^^*-M)y^ 4 
i~ 4 4© ^rti/-^'^©^*^^ ^ 5 *»5*»K: J; 

<Dim&* A 4k 43k <DT%<D U-<;v 

(HU #tttI4ft4K 4 2&tf4 3tt, -f^tf 

4 4 i 4 3 i £>H8© W<A""t?fc5 ^ i: Lfcd 5 
ot, *«co#tt***#a4 1~4 4Sr^»-t5r kte 

[0 0 5 6] BI8..RT/I3 9tt:, Zzfr^ftJfm&WJ 
y y y i?c.jgtcte<D^Jg9 r !l$:^'t-« 121 8 Lfc^ 

#ttti4ff 6 5!&HK#£H3. Sfc, i9IOT 

4fS6 6tfS, ill b<Dl£ffiiS^^lS:«te>HTV^5 0 
[0 0 5 7] 08S.a ! lll9C)|IJ£Mt-ittffx -f^* 1 

mmomt a hi, a h 2 l-c^w 
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[0058] ±as©nifc«fc*iv*-ctt, m&®& 
ttK^fl^^^g^Sff^ro-r^^-hy 

[0 0 5 9] Hll 0i*, ^^(D-Yi^^*— I- y 5>^© 

SI afc, ±T#flfcWIW*iRtfT,-tl«©»tt«»!fe 
#S6 5a, 6 5 bSt56 5 c*S, §Sil KWitfbtlX 

20 a, 65b, 65c (Otfl-Z'iXCD&MiZj 

a, 6 5 b, St/6 5 cW^ficaw^/HCfcJtS, 
^H-?T*tl.<Dp14&^^¥S 6 5a, 65b RXf 6 S c — 

3*tta£3§£#J£6 5Sr*Sbr, #14l6IS^#a6 5 
a , 6 5 b&tfe 5 c (C*J»t SP+t&COSIt^OPJ*^ 

5 a , 6 5 bSt/6 5 c ©^&e© V^H^*itt 5^ 

30 ?mx*wcfflt3K.&m-tzzk&-?zz. ms-t£, 4> 

>>?SB*5#tt«fl^#©6 5 b t5Httft»*#a6 -5 c 
t ©r^o u^jvx*h Z k # , 3«4i£f§£#ta:6 5 c fi-T 
v^MLSr^lttiL, —#5M4ft*£*S8 5 b^t^« 5 

-Y 8£ffi##tti£3§£#MiS: 6 5b t 

^^^6 5 c tW^lCtfLTV^r t^d^ 0 

[o o 6 o] Hli l »i, ^IgKoi'^'^*— +• y r^c 
40 Sr7n— h 6 8i;:&tttt-C'f>':J'8£ffi£31oTV^o tS 

[0061] mi 2«, mi l^^Lfc-o-^^-f y 

•yv'^fi.^HM^Sr^-to Ell 2©-f is?*— V y s/ 
© 1 1 h y s/v'iP^, >^ffi*>fe 

«l£fc#ttT^^i£ffi&3IoO^. *Ell 2 (A) 

so 5 *s@^}i5. ■< ^tmmfr&teK & <o , p 
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^<Dm^ma>^t-r 5©-e, j«4«38£*& e 5 ©as 

[0 0 6 2] 0 12 (B) 14, ±T#Glta»»fc»Jfc3 
tufcj&ffil aK, ±T*filK:MllSr»«fC, 1Mfc©SW4 
$14^6 5 8, 6 5 bRV6 5 c tf*, tISl \Z&tf 

htix^» 012 (b> ©stewicttuts, m&<ow 

+t)8c^#©6 5 a, 6 5 b, ^1^6 5 c <DOl*:i%<D 

j£3§:£#f5: 6 5a, 65 bM 65c ©3£*-fce© 
/Pfc*tt5K^©HM!fe*»£#« 6 5a, 65bM 
6 5 (OmXftffl&mttZo UfciSot, #9M£ScSI 

35£#g: 6 5a, 65b RXf 65c CgftlKi 1"<A' 

f4\ -TV^ffia*, SMSa«84fe#«6 5 b 

^Wt 6 5 c t ©flQ© W^VCifeS £ # , #t£&3§£¥i8: 

6 5 ctfM-^aSLSr&aiU -;f?#t£i£?S£#{£ 6 5 

bM6 5 aji^v^^-t) i&m-rs, r^©^**- 
b kWMtm&£.^&6 5 c t©isi^au-cv>5it*s 

[0 0 6 3] 01 3»4, h y ^v 5 © 

~g.\Zi&<DmMMM*7frt<, 013 (A) i^^Lfc-r >^ 

h y y^tt, *»i ©rtwicflattfe^fcjriajLi c 

cK»|Sai"«J:5te««10*Effil •^B3£**»'*- 0 
13 (B) ir^Ufc^^^*- h y s^tt, RilTLlc 
togilLTJi^^fcigi h fcttft S-tf-C-f^RiR* 

7 5#, &S£*l/0^ 0 

[0064] 0 1 3 L^HlS^jitc «fc*uf, S# 1 
rtCD-Y^^dS^^^tvT-O-^SiHX^? 4&tf 7 5/JS-r 
y^^bSttitic, V^P^HX^7 4M7 5CD-T V 
^#6IKJ:!lilWUUBft^s' K3 1 \z<Cy*%:& 

XT/7 5J4, »ii?Ll cfcjWLTV^'fV^Srft^l 
tf£©T-, *il?Ll c<omnfrb4 l/?1> i '&±\Z%m£ 
H5o -£©*:«>, i'^i'TOfcia^TSWSSSS^ 

-e, ^9*-^ h'irmmmiz&m-rz r t a>x# % 0 

[0065] 0 1 4 »4, Kii?L 1 c cOJSUf&05HH£^1i 
<0¥ffiSr*i"« HI 1 4 (A) (C) iZ^ti^tl^L 
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fc «t 5 fc. 1 c ©¥W#<4, »tt«H^#^* s 

ft If v\ 

[0 0 6 6] 0 1 5 14, *3£W<r>J 3?»-y hGft£ 
«OteO*«IS»«B©WaS«r*i-. 015 (A) 14, -f V 

hiE^B©^©#rffi5r*H-. 015 (B) 
(4, -f s?«-s' FWiSit-f *- h y y i*2 7 
2#I£^£;ft-fci:#©l$rE&7jHv hlE® 

ffl»©«*iRn;:aa»^r««c*-ir y * -^2 5 0 14, tab 

10 ICiBfik^s' K 2 5 2 £<r?--5o V y ^ 2 5 0 »4, IS 
V K 2 5 2 <D±ffi{C-y-7'iJ' y h 2 5 6 

x.- y> 2 5 6 f4, *— h y y V s 2 7 2 <OW8M 

WZ.<<-y-9V&Nc2, 5 4$r*-f-5„ ^fYy yi>2SO 
(4, -{^*-H)?v?2 7 2 $r««-T5fB^»C, -Y V 
^^-hys'^272 ©jSg8l-Ml6li-5 4 5 t-iigC 2 5 
8 Sr^Ti-S. AgB 2 5 8 14, JGESMSbT-fc if ©#14jS^ 
*#©2 6 0Sr#i-5. 
20 [ 0 0 6 7 ] 0 1 6 »4, 0 1 5 L.fcS^S^»-iS U 
fc^*-hy y^©|gJ£?efSSr^i". 01 1 6 (A) 
(4, ^Jxi«47'7S'^-f ^^fflW'T^^*- hy y 

2 7 2 (4, -f *9 2 7 4 t , iS^S© 

■i^i>Wfa$\1 5 A\z.&-£rtZ>-4 2 7 6 i£r 

#i--5o SH2 7 4J4, j|£S2 7 4atC, a32 5 8i: 

. #,-a-i-2>tasc 2 7 8 fcw-rso bd^b 2 7 8 *4, jgwfee 

aW, Mz.f£7Mttf2 8 0Sri|X«i-5. 
[0 0 6 8] 4>'*&1fea 2 7 6f4, /<S'^-V2 8 2, 
30 #^2 8 6, S(;^2 8 45rft5. /<5'^V2 8 2 
14, V*#*&§t2 5 4 t>K3gt^-e-t-5. #*2 8 6 
(4, ^*2 8 41C4 9/<y*^2 82tC^#^$tb 
5,, 4>-?&m&2 5 4dS, V^«*&a 2 7 6(C#A 

#^2 8 6>45>f V^#t^2 5 4Kjf 
-TV^SSSgSrMSti-So fS2 7 4©±gp^|4, 
^_ j, y y*?2 7 2©-f ^^^tcM-f-^tf#Sr*&*AUfc 

[0 0 6 9] 016 (B) t4, «»a©^ SrHR^i" 
5-T V^*- h y y v?©|IJ|JF^Sr^-t-o ^l§2 9 0 
40 tttr J: -tteiih. 3oo^y^i2 

92, 29 4, 296 K#giJ£;h,5 0 **V^*t©-f 
I2 92> 2 9 4, ££52 9 6 f4, -f^^#ti^P 2 9 
8, 3 0 0M3 0 2£Wi-3„ 9 0©jSffi2 9 

0a©Hy^i2 9 2, 2 9 4, 2 9 6 l£*t|6)-t*5!i 
&K1I4, itt$Mff26 0*s^Lfc#ttS.^jS 
1-5fc»©^/Wktt3 0 4, 306, 308^, fStfe© 
HDa5 3 10, 3 12, 3 1 4»CltRS$tbTf5o 
[00 70] ©1 5 <B) 

y s/v?2 7 2©^>-^#^a 2 76Sr-y-y;?>-^3-=y 
so h 2 5 6-©-T 2 5 4K*¥i§1-3c:, #^2 8 




IS 

6#/<*2 8 4\Z.foLX'&mLX 4 ft 

m.2 6 2 »£»fcft-&tfo -<^^^2 6 2fc>f V*as-fe«£ 
ttfegWH"*?'.. IE@k~ y K 2 5 2 © J X/vM P fc^ffifcfe 
/B £*-Cffi&^y K 2 5 2 fc'f J'y Srft*S Lfc*&, IE® 

f&smmz «t 9 im^ y k 2 5 2 

y^jgfjwt, ^#2 6 6 <DTttiM<oE.jj&1&T 

5. JK# 2 6 6 (OmmzX HV^l2 6 2©-1'y^i5 
lEfi^ y K 2 5 2 Kfifch,:: tf. fEfi^ y K 2 5 2^ 
>y WSfEAlcRWLT-l'vy*- h y yS?2 7 2<D-f V 
y U-Xy~ vy y I> 2 5 6 lcSi£tl/5itfo 
[00 7 1] BWI«OiM^WIWf Ktt. *e>J&»C»K- 

4fg2 6 otc|gfifB-§-^*&$H5c #l£i£3§£¥J£ 

2 6 0\£±y&±£tl±WV!Lm-£, iSi«2S 8*»fett*t 
£*U -fyy*— by yv>2 7 2<OJiEffi2 7 4 a KJ^/V 
-ft*T2 8 OSr-BaeL-C-O-?*- h y y> 5 2 7 2F*3<D-f 
V^lceS^HSo ®1 5T?ll*+y yi?2 5 0»H#tt 
&3g£#J&2 6 0 fcRtfifc!^ 3W4««4fe#« 2 6 0* 
V79>9=>--y h2 5 6rtfcK«"CtJ:V\ 
[0072] Ptt^^^S 260 LfcSMSfttt 

^^jge^^aR-r^co-c, -ryy*£©;®aE-w >-y© 

i4'ft2 6 o~-si#-rsi#raa s aMfci-3. Lfc#o 
-c, "-r yy ©im^* s -)£-cfc5m-a-t-i*®*®^ 

8M4j£?8£#I5: 2 6 0tf>Sb®f£tfW y#W3tmt* 

<b<o^mm\t^±^2 6 o\zmm-r 

^^tt)t5ril:J:*)> V V y-^2 7 2 

©wvymsr&m-rsrt^-^So #ttas3g± 

#I&2 6oas!8£-r*Ptti£te, ^y^C^HTt^ 
[0073] RWMMt^y yrty^i^a?) w >y 

hy yv>2 7 2rtW'<>'^/5 s 'l'>'^^> / Kjfi<*T* 

UT, #tt8i3S£#ia: 2 6 o ± 5 BM£8E38£&ro 
-f vy^«Ea^©KW&#§*f-et&< te^ltm&te 

j/ 5? 2 7 2«d£&SM£1-;:£:#-C-#3o **** -fJ'** 
— h y y$?2 7 2#fcj£i§0 fc** y yi?2 5 0 
S*fCV^4V^frfrKtt> #tt*»£#R2 eon:*** 

-y-'K-O-y #— I- y y^2 7 2 co^*(£i-r. t t>T?# 

[00 74] 3<iM4i£3g£¥fS: 2 6 0 Lfc3*ttS© 
SStS^#tt^^^ 2 6. O^OSUfeNPMtt, 2 
7 4 $ tLT V ^ << V 9 <D®m K ± 5 It 

-fV^*- hy y2 7 ^rtteflUS;* 
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IS 

2 8 8 KilMflU **ufc*5Cfc*tU*>-*-^**fr"t- 
5 r. t \z. iot-f vy 9 jESfeK&tiii-S c t # 

[00 7 5]Hl7tt, #3891©^ ^y*- h y yv?2 

7 2 ©te©*!S»*&jj*"f-. ® i 7l;SU>fy^*- 

h y -y V s 2 7 2 fi, J£® 2 7 4 a *5±T^l6]l-^*<-^ 
f&$*VO^o @1 7(0^^^*— h y y ^2 7 2tt, 

-Y y^aiW < • * 9 > #tt&H^#IS: 2 6 0 co5ftt 
R*^*«2 6 0dS^bfc#t4&wS:ttiSw#tt^ 

t#S2 6 o^cogjjfe^ds, -ryyiSffi^^tA h 1 

CM(SLtIi«llcHkt5. A h Hi, yVWfc#2 8 
0 cDMffit^*3«t SJlEffi 2 7 4a <OM $ OSSr^-f". bfc 
aSoT, Slt«<DS*tt&^^i& 2 6 0-OSij5l5^Sr 

[00 7 6] b i 8 fi. ^w<o-r yy h y y v 5 2 
7 2&tM ^y v 5 ^ y hteM&m<ow\zi&<omMBi&$: 

20 ^-f- 0 El i 8 <DJ ^y y hs&0&W.l±, 4 >y 

hy yi?2 7 2^y^«a 2 7 6(il<Ofiyffi2 7 4b 
KAgB 2 5 8' SrWf 5. tfilEB 2 5 8' l±, 
?t2 6 0' Sr-^tfo flgC258' J: 5 

/Wfctt2 8 0' >J5, -fvy*— h y yv J 2 7 2©1I2 
7 4 blCtStfibiVt^So -mi 8©^y?*- h y y v? 

272 i*trf, y^ai^>/i< ^ r, , 

#tt»ft2 6 0' d5^*Lfc5*tt&(DS 
W^CD#'t4iS^*#^2 6 0* ^O^JJfe^SU 5 ^-!' 

mtirZo Ah2fi, 8 OiffitTffit 

g26o' ^<DiiJ5R^x»* : g ; SP'f vtr— y*>-x©^t: 

#5. 

[0 0 7 7] &*3. ±ig<D|tl6WC*3^T»i. ^2 7 
4{c^>-y SrESEHZ^-i-^^O^^y*- h y yv'ic 
GSSrRoTlMiUfc. •te^Hife^ffit UT. ^2 7 4 

JtiiS;©^ vy h y y *Jtzim&x±¥Wt2 e 
mmx<D%.ftmzm<5^xs{ yy »*«r*a-f 

ir N ^-©SM4&|g±#g!: 2 6 0 Jttf-2 € o ' iri y m 

S^Sfef-^-H^ixm^c. td&'& ; &M±*Wt 2 6 0 $rffl 

[0 0 7 8 ] Hll 9tt, {211 6l:*Lfc^y^*- h ]) 
so - y is 2 7 2 <D®L<Dni&Bn&*ir a 4 >9 *—±9 y*J 




17 

2 7 2(4, ISMS 1 6$:7C3- h 3 1 8tC©tttfT, -4 
£_tlf3o 1 614, ^fP-Ofc'-^ 

[0 0 7 9] 02 0&£Tfm2 1 »4, JE«^BW-^iS 
ii-ejj57^fa3:-^ i o 6©f£*ffl*iJ;U J 3MffilE]Sg 

flSSr^tti-rs^tcffi^fctuS. [112 0 (A) 14, 
^a^— ^ 1 0 6©ifc^:¥!iD0T*fc5. 02 0 (B) 
J4, T^f-^— 9 1 0 6 0B-Bif®5r*-r. 0 2 0 
(C) f4, T^^a-^— * 1 0 6WC-CSfSSr^i"« 
$6>iC02 1 (A)*5«fctf02 1 (B)»4, TV?-*-*-— 
9 1 0 6 ©3MffilHl«S£^-ro *fc> 0 2 1 (OSoJctf 
0 2 1 (D) (4, Jttit'M ist-b— Y y y 'JftKJ v 
?i5SfcJjitVN5 1 #©T^^=.3i— * 10 6 £r-^tf 
J132:te4tf-?r<£>^ME]Sg£r^U 02 1 (E)*;4.tf0 
2 1 (F)t4, JWvPiWi'** — V y y^rtlci'v^ 
jj5^Ev>t^coT^^3.^— ^ 1 0 6 ^tsWmte&.V-Z: 

[0 0 8 0] Tt 1 ?^— 9 1 0 6 (4, JStf^KR^ 
t©|D 1 6 1 Sr#-r-5S«l 7 8 i, MP 1 6 1 £rl£ 
a-TSJ: 5»-S«l 7 8©-*0® (J£1T, *ffi.iv 
5) »Cia^t$^5Jgtb«l 7 6 t, ffilSSl 7 6(D$t& 

<D(i!j^Ee$^2>jEms i 6 o t , Bmm ho srw^ 

frblt£&-Z.ti±MnMl 6 4*5j;tFTSBm@l 6 6 
b , 16 4 t mf^t-i^-t^ ±gB^$a^- 1 

68i, TSB®®1 6 6 bm,%&0fc&&-f%TU9M%!i 
^170i, ±gP»Bi 1 6 4 43^^^®^ 1 6 8 

172t, SrW-TSo JE^f 16 0, 164J3 

i^mii 6 6it*ti*'ti<D^&b vxnmuft 
*mirz>o Etn 6 o, ±nn,&i 6 4io4.trFgi5^; 

il6 6<D^H-?:*H<on?ga5^(±JE«*^Sr^-r5<, 
[0 0 8 1 ] SK>« 1 7 6 (4, 178 <E>*ffi»Cl, US 
p l 6 l £^5 <fc5»cjfc/&£*i3. #^^^162 

h\ asi^i 7 6©wp 161 bm-fznftb&fci 7 

8CD*ffiWMP 16 1 irfdioT^^H^. StSl 7 
8(?5JEm^if*S?it{B!l«® (£*T, *ffit^5) (48£ 
fls^{B!)^ffibT*Jt), df-rt'-r^ 1 6 2f4S£#i:gfeii 

lc, SEMgl 7 6»4g«l 7 8K**LTfifcSSl;:©t>#tt 
[008 2] TSB®ffi 1 6 6 \tMW}&. 176 ©*ffi, EP 
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6 Q<D-£.mnx*&z>m&nft<»<¥>bbMu 1 6 ko^.^ 
gemffi i 6 6 (DR^gs^os^^q 1 6 1 (ommx. v 

6 6©*®(iyt-t4, JEEmJI 1 6 0*5, Z<DmiUft<D* 
•bbffl P 1 6 1 co*<i>i: asfitf-ffe1-£ £ 5 

tv^5„ ffias i 6 o<r>mtn#v>w&\z. hhpi 6 1 

io [0 0 8 3] — JBEmS 1 6 0 <£>*ffiffl!Rcte, 

gl6 4^ -5rCD±^^?fc5R^^« ,: t 3 'C.' > tfjaP 1 
6 l ^f5iJ— ffe-rs i 5 »c^$H5 0 ±sca 

ffil 6 4«DR^?|5^©ffii»f4, fflOlfil fcit^BEm® 
1 6 0 cDP3^95^0ffia«t 9 VJv$ < , a»oTSB«1S 1 

6 6 (ommftvmm & v t>^c# < *s -t 

[00 84] Ufc^oT. ffimil 1 6 0 W±S§|5I4, -h 

20 t^ctv^, JimS 1 6 0 SrafltWfc^JKBiH - * - 
i:jJSt?#5c JESS 16 0, ±gBm«il 6 4*5it/Ttl5 
m@l 6 6(D*i%*:fl(D^mnxibZ>PiJ&&ftfcT?'?- 
1 0 6 lc*5Jt^ffiSl^T-Sr^i-5o -h^i 

m®l 6 40Rim JEHS 1 6 0©R^gB5>. T^5 

wmi 6 6©R®^«ii;iaa i 6 i <oohx\ mm 

TfiMch^^^itMa 16 1 XhZ>* w<7)*3i^J:o 

X, SfbtSl 7 6cD5*>HB8Kt£SS-r5^»^te, M 
ai61tict^Jl-5. JigPSeil6 4co 

30 P3^gP^. 1 6 0Wn^gB#*3<fcU r FgC®® 1 6 

6©Rf9i^tiWa 16 1 <fc OffiW^/h*^© - ^, ^Sb 
«1 7 6*sj:!>fi!bU-*i-<fc*. *6>*-. 1EHS16 

o t«ftwtsstti-«T»«« 16 6 ±tf 

±g6m^ 1 6 4<DPH&Uft(0 0 *>, TSBm® 1 6 6 OR 

^*5 ff ?gs i 6 0 © 5 "WEWft*«:38£"*-5 

[00 8 5] J:a5m®«^ 1 6 8 (4, «8bS«i 1 7 2 
^ b-C±g|5mil 1 6 4 t i 5 KlfittS 

40 l 7 6©*ffifflW^rii**tS. Tgsmffiffi^i 7 

0 {4, TSB^ffi 1 6 6 fcWKttteflBHtf-S ^ 5 tc^ib« 

1 7 6©*Mll:^$H5„ 1 6 4*4, S.M 
M l 6 0 ©«ffiffi!Bc»j*3ixSfc«>» JbttWBBH 5 -! « 
8 IEm^l-6O(0j?^ tTlfB 
Igffil 6 6©i»$^<OfPtC^l,l^||Sr^-r2)^g*5fe 
2>» ±I35«® 1 6 4 fc'Jt-er <Dm&*J&J&tZ w i «4m 

»««iSHF-l 6 8 fcOSBRttflWaXfcoTLSl^ «J 
fLTL4 5Mi^i)5. ^r^T\ «Sbm@l 7 2Srffi 
«o L^ffl^T±»m«l « 4£±tt«fi*f- 1 6 
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19 

8ir3H&gc£-frT^3. Z.<D£oK-r%Z bX\ JESS 
16 0 h±.&WM 16 4 t>*§tbS*S 1 7 2 Shite. 

±SBS@ 1 6 4 i: igBSSSS?" 1 6 8 b <D&ffi.*&m\Z 

[0 0 8 6] JM3. ESsiiiF-iffitblSl 7 6©5*>CDJE 
Wf-KEBB^-SSttWKi*. T-9+=.=.—9 1 0 6 

l 0 6»c^3:;h.5gM#l4, S^tJMJtiSwi 

i-* 1 0 6&-W&3\cB!8.'fZ>Zk\z.&oX. T?1- 
a^— * 1 0 6<9l5l9i&»'' , a 5 ^J>K:&5o 
1 7 8©3&g£rig«>5- fcfcio-CfflWfctttflUl-h"*- 
5 0 BP*>> S«l 7 8(D3£i$£:i«»3i:2:lw4o-C, T 
^^air.— * 1 0 6<0ffiSbgBO^-^gfijL > t^^-^j^ 
l o 6©5*>i6Sbia5mogl5^5S!i)b^v\ * 

4V*fc»KH g*gl 7 8W3SS*ftfe5(OlC*J-L, T 
^^3.31—^1 0 6<0jEEm* ; f-Sr^<* i o/h$< L> M 
Wl&l 7 6iS:*<-r-5r iKiotlrtUtS. 20 

[0 0 8 7] ff^S 160 LT(4, i^/^ VgE 

^^gfiS (PZT) , i/fr^^&J-f^&i&v^f^ 

(PLZT) SfcfitBSrdtfflL^t^^ffimJeSrfflv^ 

5 Zib * IX , «* 1 7 8 Lt-^^=7 

1 76lC|i, S«l TSiHCtmtffl^iit*!?* 
L</\, ±gBS@ 16 4, TgCmffi 166, ±^m^ffi?- 
l 6 8*5it5TglJmffi*B^l 7 0H, *«ttSr*-T5» 
mxti. is, -f9+1r. T/v? = ?A, = 

[0088] ±^itxoKm^mr^^^—f 

10 611 IKflcSriDUBEi-SJSSfcaffli-S-iJiST* 
[0 0 8 9] IH2 0*54tfl2l2 1 IC^^ST^fai 

1 0 6it mtmmvffi&nmmiz, sf+ff^ 1 

6 2 Sr^^rtlci|X^$tv2.?S*i:S«4i-5 4 5 
(C(4, ^Ifx-f 1 6 2rt:feJ:t*t©fl^f4«fffcJ:o 

^ttf^ 1 6 2rt»C(4&#(4#&Lfc^/J>, *>5^fi 
**lf7M 1 6 2 |*3JC©^(*:*S2l#^*U-t0^flyfc|i 
^fr^^-t-^^flg^ifeS. T9f-^-9 1 0 6(4, 

r. ©*i»©*ft:fceHi-3» '>*< t *>**>r vtf-y 
10 6(4, »flas«K*flc«s+»fciR**^-CV^«« 
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i-* i 0 6(4, m&®&ft<om&<Dmmi>&tiii-z>^ 
bt^mxh^>. ■ 

[0 0 9 0] rw-CT^^^-ai-^tCiS^ffi^mcDDS 

[00 9 1 ] «t*o*»w vtf-^^^o*4isSr*mi- 
*^*<»tt*wje-*-*»*K:»i\ ^^(4e^iHiK^fi)ffl 

1-5 .£ t 5o e^Iell«(4, J«£t--£SJESrm&n 
U m^£^;tT&{fc(^ft5SM£)II5ri-5. £fc 
(4, ea6Ii]lStt,,j«t«:te-3e««fcttl&b, J3iSt8cS:£ 

^T^(cPnAq$nssBESrS!i«i-5. €nge«6<owje 

©StffcfcjjM-. *fc> S«fcffi£fc(4SJEffias@:*:;§:*:(4 
«/h£fc5JH»ftf mOfftttf'f ^f-y^©^ 

[009 2] _tf2<D;fr8xi:(4SiJK:, T?^^— *(4, 

fc*m^^x&m-tzz.b&x%z>o vtr- 
y^xtDmk&mm-tzifmtvx, t9^^^-9<d 

x±-rz&i&mt)&fflfe-t : £>z.bK&-ox&mm&%(.* 

ti^i^ta. JESUITS, 7?fax-^©£i 

feu, r??-=-^—*(DMW)n<oMmz£.ixmmm.t) 
—9 co^ib^(c*j(t sae^ift^Ji^i- 4 -c^jgrn 

[oo93] &mmfem f s *r#sfc»fc. wm&tm 

& b ff&MtkmxibZ) b # Z>&mn.t)fflJ£K 4 o T# h 
(4, — 3rA£ltoKJB'Cl*&< « fcte**#lMWII* 4 

4i»l«»*«)6t5r t'e, f s SrfiJISf 

[0 0 9 4] Jl^^C f m(4, Wt&<DT V^. 

*4 (4-< ytf-J'y^ isffi/h^ffc 5t ^ <Dffl&mx$> 

5. ^Sil&^f si-TSi, )lSc^fm<4, 

(c^L*p-f*^^Sr^-f5. L*>U lia^^SJl* 
ftfmH^jMSfti s Sr^{±J-r5r t(4#WdS*^ 
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22 



miSo ^^X\ Y 9 9 1 0 6<0ffi^Sre^lH] 

[0 0 9 5] m#C><< Vf-y^1#tt*fcf4T KS y 

5=- a jc - co^SbSB K:fe5 5 aSHEIMSIb »c J; o T £T 
5J8fi«**jMjei-<5 r t K£*?X#Um$iWl f s SrS'J 

[0 0 9 6] Y9f- =-3c— * 1 0 6 ©tg«lEW£ti:> Sib 

Si 7 6©5*)Ma 16 1 ici-otMSW+t ^r 

[0 0 9 7] &ftW(OY 9 =>.^— 9 1 0 6tCttdf^ t' 
l 6 2 b*"U -tJx^io-C, Y9*f-^—9 

10 6 ©JSttflWfc*<*^rt * «t 5 fcKtt- 

[0 0 9 8] Y9f-=.^—9<DW.&m^ (DWlVHftiSL 

3E»4*a4:i*tfS. fct^tf. %ffi&T 9 ?• 9 

««WI*t«W^f**U-CU4 5i:, T 9 9 ti 

L*:»fr-C*>o-C 

So 

[0 0 9 9 ] 02 1 ( E) 5 fc, Wl#& * 

f s = l/ (2*7t*(M*Cact)l/ 2 ) 

[0 10 3] 020 (C) tt, *HSSM^*5^T, 
lO 6«JWffiH'C*>5. ®2 1 <A)*5£tt02 1 <B) so 



40 



WMroHfltii-^„ -r/ifc*,, 1 6 2<DJ3ffl 

v^^a-fi. -O-^fcL^WrU * + t*7M 1 6 2©J1 
9&V tmVSrt'Zo Mx.it. 7^fax-^i0 6Srt 

«J:»>.±fc;fe5*&*:<'f fc*J»fi-5. 

L X -f v * **< o fc £ # =C fc o T t> -fv * UK 
U t ¥0 m U , * ■* fx -f 1*9 © -i^y 9 *s M < fc o t - -5 

[0 10 0] rrt. 02 0*5^0^2 1 5r#KL^*5 
b^ffi^WffiiJ5ttCiS^tT^^3-3i— ^ l 0 6«D 

^106 Kfc-l^-C, 16 8 jBit/TSBS® 

1 7 0 LT, -eH-?:*H±gi5m@ 1 6 4±Jit^T 
gBS@l 6 6^^jESrmPi-5 0 JESS 160©5*>> 
_t£U®l£l 6 4*3it/Tg8mill 6 6-fc:i**fc,*:tt#fc 
(±«ffi54t5. -ero^tcio-C, Em«160f4^ 
?^-t-5. JEmS 16 0 r t d iotflW l 

7605 *>©S»^*Sfc*)^S»i-5. EE®® 16 0 
U fc* L tf t> < tt^ 7>i*?*iR»iS T9f-^—9 
o 1 0 6 CS«ba5lca@-f-5. 

[0101] SieffiEbfi. Y9f-^-9 1 0 6 <r>WMi 

%\zMZ>Z. idSt?#5o a@MSH±, T9=}-^-9 1 
0 6©SSj^S:JiSb.§*5-fcit), JEm^ 1 6 0 £i>^» 
■f-5o t^o-C, BESSl 60{*^eS^Sr^-r5« -t 
OfSftjg^ti, iSSSl6 4, T8B«@16 6, ±gB 
mmt&'f- 16 8 *J J:tTFtt««*RVT- 17 0 Sr^-L-C^a 

[0102] *Sffl&ic f s tt. 

aai-^ 1 O eCgWi^tfT-f 1 8 2<04£ffi 
[0 10 4] MactfiJu mWiUvW-ZkMWiUv&mb 

it H2i (A)*c^-ri 
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Mact=Mpzt + Melectrodel + Melectrode2+Mvib 



24 
{5£2> 



1 6 (XOmZhEEWMl 6 0(D&&t<Dm*&^Ml 6 
0<OffiffiT^Lfct><DT*fc3o Melectrodelfi. SIbgfl 

el&tfode2tt, «ft»fc:tett5Ttttte 1-6 6<Dl?£i: 
T<S«Kl 6 6QS?^t^aSrTa5^;® 1 6 6 coffiffiT* 
f&CtthWfoZo MvibfS, i6ft«Hc*5tt<5filfifil 
7 6"%>JM fcfilMK 17 6 CD^S t <OttSrS»t5 17 6 
Olilbia«^ffifll"Cl*bfc 1 b^>"Cfc5o fcfcU Mact 

5 w t 5 £ 5 *IBSW"Ctt. ffiWB 16 0, 
±»tSl-6 4, Ttt**l 6 6ttJ:tjq«Mgl 7 6CD 

Li\> #3BK«&m*T, ElSl 6 0, 

Si 6 4*5<tt/T§Sffiffil 6 8K*V^m ^HfecD^ 



^zn—f 1 0 6^1oV^T, Mactfi, iSUSiffil 6 4, 
TSMtttl 6 6, ZWBl 6 0*5<fcU*®t!)«l 7 6(05 

fc, '3 ±S5lil 6 4. Tg& 

MMl 6 6, JBEmSl 6 0*5£tfSlMEl"7 6<D?h<D 

fe5o 

[0105] ^021 (AKA2 1 (B);fl2 1 
(Dh m2 1 (F)tt. T 9 9 1 0 6<£>SK)S5 

fcJc^^tr^ 1 6 2CD^ffite]^Sr^:i-^, wttfeco 
«HBH3B5fc:*3i^'C. CattttT 9 9 1 0 6<Dtg 

t!)^<D^:/:/7-<T^;*£^i~o Cpzt. Celectrode 
1 N Celectrode2^it/Cvibtt^JX-e*X®iblf»iCioit 3 
BE1I16 0, Jr*BtWl6 4, TSlffil 6^*5^ 
£fb£l 7 6 (75=3 y^'fT^ Sr^i"o Cactfi, 

10 10 6] 



(1/Celectrodel) + (l/Celectrode2) + (1/Cvi 



1/Cact= (1/Cpzt) + 
b) (5C3) 
A2»'XX^A3X9. B21 <A)«\ B2 1 <B)<DJ: 

[GH 0 7] ny^^Ty^cactH ^ibg[5(D*wa: 

[01081 [H 21 (C)tt, «{*c««lw««S3&S+^fc * 

M' max=(7c*p/(2*k 3 ))*(2*(2*k*a) 3 /(3*7t))/(7C*a 2 ) 2 

(a pttKff©**, ktt«*t»*> 

5c ) 

[0 110] -VmtStlZo IU, SC4ri, r 
1 0 6^tgft^«d5^SaCOR^7?fcS^lCJ*3ti- 

^ i &5W-*-e*S. SC4 J: 5 fc* M" max 
a i:, i««P tl:iot^<^ 

[0111] ttftktt* 
k = 2 * 7t * f act/ c (5£ 5 ) 

(f actli»[#:*5*fe*l/Tl ^ft V * t # <Z)SifjgPO*SJlS^C 
t^fe^o cttflEflc*«rfi*r5*»©at[*-C*>*. ) 

[0112] -e*$tx^o 

[01131021 (D)tt, «#»«l-«ff36S+»K 
T9^^^—9 1 0 6 Ofi»««OSiafc» 



JK-KS^ix. T9*?-~=t— 9 1 0 6<ofiftWR<0JHi2-tejK 
ft*Sf((|fc^JxTV^5*frOT^^-a3:— * 1 0 
IHSt^To H21 (C)OM'" maxtt. »*»*fcjKff*S 

+^^K^$tb. T 9 9 l o « <Dfi»««<z>JH 

^cffift*i-o M' maxtt, 
[0 10 9] 

(5£4) 

V^1>^)0. T P^^^—P 1 0 6(D^r^ifx>f 162ft 
fcf±»fle^ai#LTV^5*fr©r^^3.3:-^ i o 6C> 

^^M' maxSraH-jSxrfeSc — 
«Sl007^f3.x-^ 10 6 Ofi»fl|«c©aia»C 
[0115] M' =p* t/S <SC6) 

tt, T^^^^-^ 1 0 6^g»S^ffiStfc5o - 
©fittWJRas^aOfflJIfOtfrfrH:, S = 7c*a 2 ^fc 

as+$HCifc$$*t> 7?fax-#10 6Ofi»ffi«O 

«*3^«»$ix, ^t^f>fi6 2W:$ft« 
gloo7^f^x-? 1 0 6©£»««(DJSi2te*>3 

[0 116] a 2 1 <E)Ot5K, «fr»S 
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1 6 2ft\a*mmmftisX\ / ^m&<Dttm-4-i- 

— f^XM' fcMSftjl-M' caviU TV*}-*-*.— $ 
1 0 6 <DMW)mm<Offlm\cm#tf'ffitc£thX^ZWr-&<0 

[o 1 1 7] 02 1 (f){±, m^^mmmm^ 

\,^h<D<Z>. ~79^3-x.—# 1 0 6©=!f-Y t'-r^ 162rt 
i o 6<Dim>&>i3£Tf*cV fx-f 16 2©^«e] 
[0 1 18] r^-C, «EflcotttttBB«-t*5^9^-^ 

(4, 7 9?-^— 9 l 0 6<Dfitt0lC%ftdMftttU ^ 

910 6 0«»)$l5l^«:*fctt^^«*i-5o 7 9f~ 

1 0 6©Jlj2©$E#tfSi , 8££i'U 0 2 1 (C) 
OM' maxd»£>02 1 (E)COM' cav^#ffi"5jiS(:: 

f s fc^ffcrt-SwfcK&S. tfcoT, *®J12£*f sir 

t5rt*tf5, BI2 1 (E)^i-J;5»w t 

= diLfct&, 5£6 £/f3V^TM' cav£*-f-£, 5£6 
© t t'-r-f d SrttAU 
[0 119] M' cav=p*d/S K7) 

[0 12 0] £fcs fl|##ElMcaBW>#**5«fln?fc 

WgSr&fflT-t-So ffi> T^T-a^— * 1 0 6©SM«B 

[ 0 1 2 1 ] 0 2 2 (A) ti> -f >9 9^9ft<D>( X* 
^7 7ffc5. rrt?tt?S^©l^Ji: br-f^^lc 

V*a*©lg;Tt-#V\ #«H«*f sf4, ±#i"5„ 
[0 12 2] ^^^^{d-T^^^+^ilX^^^ 7" 
9 3-=l^—9 l 0 6©SS)IS^O)lia(CW'>'^d5«fc^ 
*UT^3#-a-K:f4> ^(Omi^Hta-fi— 9>*M' max 

— 9 10 6<DMffim&<nffl$lli^ >-?tfffifr£tlX^tl: 
^t#»C»4, ft*P^-7— ^^M' varfi, &#©*•$ 



26 

0 6©*^ fc'TM 1 6 2©d (El 2 0 (B) #fiB)£'h£ 

#5 (021 (C)#R8) „ t inkttiSI&K:**** 

lo^b^ ~y# (DW&k U tirik— maxt±M' max{C*Jlt5 

9f-±=-—9 10 6&^^<^®KMLT{il£*W- 

X.— 9 10 6 frh t ink-max©iS&£*Tt£ilH~3 t . 

JJfrf s 3»»* ^^T, -f^WiKffi^t© 

*&Hrtfcfc5RBtK 79^^—9 1 0 6fi-f ^©$i 

[0 12 3] ft, 7 9^^—9 1 0 6 ©illbfHtiSr 

V^ro^»{c«t^JSErofi:a»w Lfc*So-C, ^6 (OS 
i^ktS. 5toT, 7^fai- ^ 1 0 6l4-Y>-^d5 

-f^oftiisr^fai-^ioeofi 

M' jjSJfefr-*-*©-^ SClfc±9*fi««E*f s*s»* 

2CO@2a (02 1 (C)#R8) ©tefflrt f-fo^PE f , 
TV'?*-*--* l 0 6l±-r^^©ffi*««ISr**»::«ffl 

30 [01241022 (A) <D\&mXte. T 9 f»x-^ 1 
0 6©^f^ t*x-< 1 6 2£r+#fcj!l< L/c^-g-^, 

l^5o 'fv^^^^rtC'fv^ «)SW>t5 i i: t 

[0 12 5] J;*Ji¥*B{-»4. W Vi7^^id^^$HXT 
40 1 0 6©Mtt^©Jljat^*3V>T. sv^^c^g*ss 

TV?-*-^-* 1 0 6©Si&m^iat-*Jt>Tlgi!)*C^ 

0!l;Ltf, T^^3.3i— ^ i o 6 ^ ©i&ffildfcf LT 
TK^-Jwia^l Lfc^-C-fooT:, t ink# t ink-maxi 9 
/h$Vt ^ l 0 6 ©I5ibt-*»A»*> 

^^^.31— ^ l 0 6 ©SStlSg*£©S*S ti-^t, ^4 
•so (DM' aaxUTfctt^ltVm&J y^i«ft©ttJPfi 
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M' =M' air+M' 



(IS) 

* * [ 0 1 2 6 ] 

ink= pair* t air/S + p ink* t ink/S 



28 



(5$8) 



10 



[0 12 7] T??-*-^-—? 1 0 6tfSf>':7<Oii£iSK:fct- 

1 0 6<omM^<D0-h. 79f-±=-—9 1 0 6cDStb 
fc*»**>5flttMW :^.6*0fl*£ . T9f-*.=-—9 

inkiU 7?fai-^ 1 0 6 ©Jg»fc:av&»;b3i£# 
#fttt0&0>&tte>S*ft£:'S air t i"5 t > 
[0 12 8] 



£&5 0 wwT*v M* airtt^<D^i — ^V^T?fc 
<3 % M' inkli'f V^W-Y-^-^V^T-fcSc P airfi£ 
^<E>$£g-C*> 9 , pinkfi-O'^tO^S-efcS. tairli 
m.W}\Z7!)>frty5&%<D^&X'h<9 . t inkte^tbtc*^ 
©Jp:£-e#>3„ 7?*?-=l^— 9 1 0 6CDSK) 

'>WT^^i|*p-t"S^^V\ T9*f-=>-^—9 1 0 6 a* 

f± x tairj&SlBJPU t ink*S«'>i-5. -ttbje: «fc o T » 

1/M' =1/M' air+l/M' ink=Sair/ (pair*tair) +Sink/ (pink*tin 
k) (it 9) 

[0 12 9] ft, 5C9I±, Tir*f-a-3L—$ \ 0 6©^r-y 

^^.31—^ 10 6 co^-y tT-r w l-^ ^-?fci£t$&tiZ>W; 
■fi-teoV*Tf±, s£7, ^8*5«tt)!S;9tc«toTW-^ir5 

[0130] —15. S« 178 tfW< , BP*>, t'x 
W It '6 2 <D$? £ d 2 5 $?< > d 1£Wfc<r>W- £ t ink-maxld 
ifctfcl$i£V ^^^K * Kit U-CfHtttB*** 

ti-f fcj*'>i-5««*«ffi1-* i: ^ 5 J: 9 tt 

fcfc<5. 0il^fis @2 2(A)roftiYli, /h£^njfcz> 

^■iSjSSit*. roctH, ■4i'9 9^9?\\z4i/9 

[0131] 122 ( B ) lis El 2 2 (A) ©fti^YtC 
*J (t 5 -f v * o&S b << v * *3 <fc tWHttW 
f s t©||#Sr^-f-. *ffO«4 LT'f v^Sr#rf-CV» 
5, 122 (B) KTjk-ri:?^ J >-9&m&M<te% 

w&T-ts. irt£t>h, -o^<Dmm^x^x^mmm 
[oi32]o*9, m^mmogtez-i 



[oi3 3] ^flj^rtw«^ 5 ^w^«-c-fc 

•otfcT^faX-^ 1 06O^-C^T<f 1 6 2(*3K:$i£ 
^^s^#-f-5 j; 5 ic^r-*" Iff O-^-f Xt m®. -*:WL1£ U 

5. Tt^-^x-—? 106H *tff^ 1 6 2rt^fS 

**5«yt $ jx-c ^ s tg&\z.m&<r>mfc*i$i m # he , 
[0134] $km.Wimk f s -<-y—9 ^*M<omm 

5 0 BP^s S»»©«ftfcJ:oT*jMt±tt#«:!Ri|Jl"t- 
5 r t tc i 5 S»gB©Ka:©iiAP^SrV >5. , 

[0 13 5] ftot, M' cav^4tC*5lt5M' max J; 

trx^ i 6 2rttca#-t-Sfl$^fe5. ±ot, Wifc® 

&ftKtemmtz£thx<,^vmtfflcx#>z><, z.r>m 

[0 13 6] — M' cav^4tC*JJj-5M' maxi 
-f 1 6 2rt»ca#-r5^*5it5^^rt©^^fc 

10 13 7] ap*>, *K«aawrt©«**ao«»^, t 
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tC^tH-C#5^#li> M' cav^M' inaxi*) t'h^Vw 
irX&>5„ T9f-=.^—9 1 0 6tm&<D#M*lE 
^K&ttiX^SaM^M* max>M' cavli, ^l^f^l 

[0 13 8] r ZX% M' cavtt, ^f-^t'x-f 1 6 2 <D 

M' max>M' cavO'F^S** * 7^fai-?106 

0«<D^^tTx-< 1 6 2©MP 1 6 KO^Srat L, 
*5£V*Wrj 1 6 2CD^£<Srd tt5t, 
(0 13 9] 

M' max> p * d/rea? (SlO) 
XifcSo Si OSrM^i-^i: 
10140] a/d>3*^/8 (Si 1) 

irV^^#d3*»feH5>o ftx Si 0. Si ltt, 
t*^-f 1 6 2©^jiSR^^#^P5?)fiK*-t* ; 5<. 
X^^g^M' max©S£:fflt/\ S 1 0 * a 2 ** 

[0 1 4 1]'t¥ot, SllSrftfetiPl 6 1©^1 
adoit^^r-^tf^^ 1 6 2<Dm$ d Xfc5 4 1 

6 2Sr*-T5T^ i 9 : -=.^— ^ l 0 6Xfc*U4\ 
rtwjK^?g©^»-r?fc-DT, ^o^-^tfT 1 ^ 16 2ft 

[0 14 2] mM1—*>XM' fi^SN'i-'f-^ 
* 1 0 6tf 4t5MliJ^«t5*Sli, '>fc< 
5. 

[0143] ^igffiWcintf, T9**.^-9 

=L*--f 1 0 6K3g£i-3;ig®^§'»J£LT^5o L/ 
T9J-^-^—9 1 0 6coMtb§B^i!)mjE*w«t5 

g b <omm ic «t o -cfij m^mh * *. z> ^ t u t> 

X, ffSil6 0iSfc^»t5. roD^SSSb^ffi 
S1160 tejgjB*2J«E«:*£3lI\ ±&nM 1 6 4 

r. ogi**r?ijffli-s r t -cfltff ©tt*«r*a fc t> J; 
t£«fc -5 MSblc J: o T^-T 5 T * f- <T)UWi%<o 

[0 14 4] HI 2 3 (A) t&t.xm2 3 (B) tt, 

1 0 6 T^f 1 ^^-^ 1 

o 6 catSticilEf/J: jRBJ6»©jB^**i Sr^i"o 



JO 

-<y^*-f y^^rtror^fai-^ 1 0 6©iftt 

l 0 6a^SLfct&©aSiSft©Ji&&^fc-^ S<6© 
^bKioT&iiJ-t- 5:i 12123(A) *5i 

IN2I2 3 (B) Iw&l^-C, W&toiS7 9 'f- 1 0 6 

*4tt^f $r^-To TV"? 10 6 (DaeMSbtc <fc 
oX, 1212 3(A) *i.fctfJ2J2 3 (B) £ 5 \CW, 

S. * : 

[0 1 4 5] 1212 3 (A)*JJ:^12|2 3 (B) K^Lfctfil 

* x'<o 4 <@ (o/^v^. c. 5 tirM srtf ay-r 5 r t K £ o 

[0 14 6] «fc<3f£*mcti\ 7^fax-^10 6^IS 

?:4*!>yhW8*!>y hSXCDP^SrH i ghtU 
20 Ff5few^ c y^/^>'V^tcioX4*^> / fd i 6>8*^>' 
h*T?©i*IW*rW-*i-*. 

[ 0 1 4 7 ] 121 2 3 (A) \*T ? =3-=.*.— 9 1 0 6 <D3£ 

T'fcS. — 1212 3 (B) i47!^fax-#10«O 

5„ 121 2 3 (A) i:!212 3 (B) h teMfctZ t , 1212 
3 (A) <D^@2 3 (B) «tt)'t>4*!?^h*»e>8* 

(O W»C «t o T 4 * ? V h h 8 * V h * X<OB# 
hB^b^C^-Srotix 7^fai-fl0 6©ISl^ 

^ Xfc Sit iSjif* ffi, 8*^yhlt 
5rS13S-f-5^S(4M<. fi:3t©*!7>'b*X!lc^Xt><t 
V\ 1212 31C±J^Xt4, 4-t>V>'YmfrhZ-b'}>\-n 

IcLfc^oX, m*i1t*t> HniKAOfiMII&ttitiC 
xt,iv\ 

[0 14 8] #J;Ui\ -( , ^i5'©D 0 pE^^tXV^Xf- 
fcfeJd 4 * £ v f @ 6 U V y Y S * XW^Sr^tii 
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[014 9] ®.<om&mt u-cefrjeJWMrt»:i**«t 
sBgs#©sffiifc^©&$c£Sc;L-ct>4^ <Ha%-& 

#5 ; o 4 9i¥*ffllw»4, 7?f^-^l0 6«U 
^m^mr^tc^y'^^^iM^U ighiU ffife<0 

©*«s&&m-e# 5 ©-efcSo 

[0 15 0] $6>fC. HI2 3 (A)*5ttf02 3 (B)£lfc 
fi, 0 2 3 (A)©jSiem^JJS^©II^^02 3 (B) © 

a»jBm*«»©ii(jfei:©niiKa*mffiS:KKi-5. 

[0 15 1] 02 4»4, T * 1 0 6©$Si5t;fr 

ifeSriiH-. SPT^f^x-i? 1 0 6 (02 4©0i|-C 
J44fi) ^-W:I«$jxtl^. 02 4fc*Lfc*» 

3i — ^ 10 6 tc±JV>T'S)Kr't"S i.tCJ;!), 0 2*5 IZtf 
1 0 6*rMii1-£o B2 4l:*t-# 
jaWSftjyMfcOT*^**—* 1 0 6©-t*veh,©ff 

i o 6fc.*5^Tgj»r*-5r.i:l::4: 5 , 0 2 0 
\Z.7T^TT9 f-^— 9 10 6 fctSJit-r?) r. t 5. 
ttS©7^fax-^ 1 0 6$r— ^wJ^j*i-5ri:Jc± 
«?, ttftor^fax- * l 0 6SrH^ffc^&<3Sjf 

[0 15 2] TV 9 1 0 6f4, 5*«Xf4SSb45 

17 6, AR17.8, #tt**£#«Xf±ffi«**- 1 7 
4 , «HP»J*»*tXtt±*«WK- 16 8, Rim*M 
jfcl^XttTaMWi*?: 1 7 0Sr*-T2> o JESUIT- 1 7 

4ii, mmmwiWLJuz&mm 1 eo, ±ssxf4_hgBS 
gi64. xtrF**x»TWitti 6 6 sr-^tf. mm 

l-7 8CJ:ItlBWRl 7 6^ Mf&Ztl. 1 7 

6©±t5U:Tg|5S®l 6 6^^$JXTV>5. TS5SH 
16 6 ©±ffifcH4, ESS 16 0 tfMfSL&fl. JESS 1 
60©±ffil£, ±tSSffil 6 4#, L 
fcjPoT, ffSSl 60 0iWWi, -hgBSSl 6 4© 



5f 

[0 15 3] gftttl 7 6±fc*« «B2 40«ttt4 
fl) ©JES^i 7 4#V)ft£*vo*a. 4DMK1 7 6 
©*B5teTffl*fil 6 6a*Jgj£3*U TSllil 6 6© 
SElCjESS 1 6 0*5^]*^ BESS 1 6 0©_hEJC 

±$vmffii 6 4^«ja$^s. ±ses&i 6 4 rotas 
■mmi e e o«»»tc±»«»B?- 1 6 satrFawwia 

^17 0tf»*Slt5. 4«<07^fai-^106 

io [o i 5 4] 02 5»4, mmm*&&.&e>T?3 L ~^- 

* 1 0 6 ©— ^©Hrffifc^-f". 
[01551026 f4, ^2 5 \Z7& bfcT 9=f-^- ^— 9 
1 0 6-©£#©W?B5$rjj*i% 17 8 ©JES*^ 1 7 
4£*H*Tf-5>ffi*a4, MiiTLl 7 8 adSJgj$$*vCt* 
So mii?Ll 7 8 a{4«Sb«l 7 6 t' ioTtflh^tbT 

S*U"C^S. IIJLl-7 8 a .£*hSrf5J:5fc» JESSi 
-7-1 7 4 1 7 6±K:^$ixTv»5. TSBS4S 

20 16 6 (4*ii?L 17 8a ©««*>fe— 026 X?<4 
fc*KS£OT 4 5 17 6 0«SK:&j$£*kTV* 

So ±£BS© 16 4 ttRiiTL 17 8a ©M^^TgBS 
m tteK*t<Ojifa\Z, 0 2 6 -ef4^»C}£0!S 4 5 l-ffi 
SS 1 6 0©*ffiteJI*J***VCV*3. ±SBSffi^l 6 
8^t/T^S«i^l 7 0J4, tivPJx*t*«« 1 7 2 
St^T^BS® 1 6 6©-hffilc^ES;£*v-C^5. TlfCS^ 
ffi^ 17 0 itTUWM 16 6 tt^WtSttt, ±^BS 
1 6 8 <4*f libSH 17 2 Srtf- LT±gBS1S 16 4 
tHaWCSfflitT, E^i:7?fax-^106 

6 SSt/T^SH^ 1 7 014, ^ffitJElli &&t> 

[0 1 5 6] 02 7J4, 0 2 4i^LfcT^^3.3i— 
1 0 6 ©Mjt*-*S:^-r. 4-f , ^y-V->- h 9 4 0 
(d7 p U'XfeS^»4W— If— JnX^$rffll^TKil?L9 4 0 
a%#?Li-So ^y-VV-h9 4-0t4«fej*^Sffil 

h 9 4 o©*ffitc 

^y-yv-|-94l5rilt5 t ^y-^v— f9 4 

. 40 i ft, j^^icstus i7 6t*5. y f 9 

4 lit, miki?^-T^<D&1frVMl&£tlZ><, j^fc, 
9 y — W— t>941 <D^ffi{C#SJi 9 4 2, JESS 1 

6 o , igss 944 tcwmm^^m^m^M^r 
s 0 uss 9 4 2 14, mt-rasss 1 « « 1 4 1> , #s 

S9 4 4J4, t£tC±gBS&l« 4i:45<, 
tltc?!)— V->— h 9 4 0, /!J-yy-|>9 4 1, * 
SS 9 4 2, JESS 1 '60, 2ttf3MiS9 4 4SrKMkU 
T^/S-rSo ^-f<W9 4 7. 9 4 8»4, JigBS® 
SSH- 1 6 8 t TgPS®*^ 17 0 ©ia^ SrJSS-kff •LTJE 
so S*^4t)S<i-S„ ^^-f-§6W9 4 7, 9 4 814, 
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^y-y>-h9 4 0, 9 4 l b\S}tf&*WL *>3^ 
#9 4 7, 9 4 sjciufti&JS-efesiiasms^i 6 

8 XVT§S«*iSS-?- 17 0 ©ttfW*4>* < T^Ftf±l-> 
±$PH@<ffi^ 1 6 8 fttrFttmttHHF'l 7 0cDj?^£li 

< -?£ s ®-e, -h&m^ass 1 ?- 16 8 RtrFttmn***- i 
[0157] mwm 942 944^0 

5. 9 4 2 &tf 9 4 4 (DtHff fllJft 

lC,'±to*«*8*-l 6 8^tJ5TSi5m®SS^l 7 0« 
iSBm^ffiiPl 6 SXtTFMMBSW-l 7 0£r?» 

j&i-sks, ±»«w*?-i 6 s&irF&sm^^i 7 0 

tf*, JESJgl 6 0»C^«]t^gc$n5«t 5i-^-r 

[0158] ni2 8 *&m& : &mzfrz>'(y?*>— 

V V 02 8 (A) 20 

SrUXS-f-^^lOJiEEl aldSii?Ll c £^5= K 
ii?L 1 c (DfeMteTi??-^^— 9 6 5 OtCioTSd* 

[0 1 5 9] El 2 8 (B) f4, 1212 8 (A) t^LfcT 
^331—^ 6 5 0.R.TJ^a?Ll c cDi¥&JB&$rffi£^ 
-T, H2 8 (C) »4, 1212 8 (B) m^LfcT*^^ 
— * 6 5 CatfRilTLl cW^fffiSr^-fo T*^=.^— 

9 6 5 0(iSS)«7 2*i<fcU ! |gt!)«7 2 KHjeSftftJBB so 
^•7-7 3 t Sr^-r^, !SfMg7 2,&Tj.»g7 1 fcfl-L ■ 
TJE^^-7 3^ffjl?Ll ctC*f[6]i-5 £5.-, 

3.31—^ 6 5 01*, §§gl WZl£ffi{-S)S$^2>o Ktbfc 

[0 16 0] CD^ V^ilC^LT, ffi^T" 7 

3 2£tftgffi);|g7 2 <Dm&&W}fc£^x&£.-f 

ttfa-t-SteeUlffilTLl c*s^S3xTVT. ft/hRS© 
^-3.31-^ 6 5 OWSSbW^ttSrf *S!ISLT*5< Zt 

[0161] 121 2 9 ttP:ii?L 1 c <D^©^ifi^fl8Sr^ 
i"„ 1212 9 (A) , (B) , RXf (C) <D%tl?tlK& 

5% L, *fl!lO'BII±» *ii?L 1 c IC-f V* KjWRofcjRtR 

sr^-To H2 8<DmmmmK^ s ^^ mmm com 

ffit*mUK§£k L,TJ£$;$*VCV>£. 1212 9 (A) iC*5 
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9^fci^l/ i CWU v CV*4. E2 9 <B) tC*5^T 
t4, 1 e RTf 1 f Hii?L 1 c CDfillffi^^^ 

1 e it)Z£< ftot^J, 122 9 (C) t^*3V>T{±. M 
a?llcli, -fy^KSritBU^^. -ftzivh^ 

[0 16 2] @2 9(A)~ (C) fc^U/tltaai cO 

5o tot, 1212 O*JJ:O 5 02..1-CaWUfcM' c a v 
SrM' ma x t tt&\^X>b& < i"S - t 
■Yi^siv K^»C*3«t5T^^-=-^— ^ 6 5 0©Sfb*& 
14£r, g|§l»CppiSiMfe^*O^^^K^a#LTVN5 

[0 16 3] 1213 OJiTi' fai-^ ©{tiKOHJSJfct&Sr 

31-^ 6 6 0 h 7 8 O 

mii?Ll ci9 fc#t-Wl:^y*V7 6 Sr^-f-So Tff- 
331-^6 6 0©^»dl4*V^5l7 7*S^$^TV 
5. 7^fai-^6 6 0(4, *'»?L7 7Sr^UT^ 

l;±t) SSI 1 IClS^tlS. 
[0 16 4] [213 1 (A) \ (B) 14, T^^=.3i— * 
oJEtrftb,co3lffi^flSSr^i"^I2|-C-fe5 0 *Hlfe^i; 
*5V^-C^4, T^^3-3i— ^ 6 7 0f4, l!flSi5^S«8 0 

8 o <d o mas 8 1 (Dmmmmm^t u-c 

— ^ 6 7 0{4, 1212 OtO^iSWciST^^-^.^— ^ 1 
0 6<D5*>, StSl 7 8«J:trSEWl«tl 7 6ii5-*t U 

T^$tt7t«itt3i<Eii-5. act, -<v^*-hy 

^t^-C#-5o ffix H12 0 couple J: =.31— 
^ 1 0 6£, 1213 \<r>nffi.m\^Z.Z>T9*J-=-^—? G 7 

otpi^i-waai ctcsfc^-sTig^i^i-^b-c 

[0 1 6 5] [213 2t4, 1 0 6.$r$t9{-t 

lOOt l>X—ftM& Vitm^Tjk'f^ 

$Lmxhz>c ^-^a-zv* i o o li^f y ^ h y 

#:i 0 0(4, Sl§ 1 tT^fai-^ 1 0"6£&?>tt-lt 
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U 1 0 l liv ¥E* 5 l5(£JgM©S-& 1 0 2 ±fc:J(MM§ % 
Cl4 !5IIIt5T^fax- * l 0 6 SrflXgLfcHftgP 
1 1 6 fct*fc«fifc4oTV^. *5?a-/H*l 0 0 
h y •> S?fc36* $ tufc t # (C, •=& 5? » - 
/Mfcl 0 Offl7^fai-;!' 1 0 6*S^S5d»bSltt"Ct 
4vvj:5K«riS**vCt^<50-C» T 91- 10 6 

[0166] E) 3 3 (4, El 3 2 (C^ Lfc^ /Mfc 1 

0 0<D«f^Sr^i-^«fB!T?fe5. 0 o 
(4, «riB*»b***f«HB»f*»i oii, TV- h 1 

1 0*S *t*IHtt 1 1 3 *#-*-&£«3£1Itt*ff 105t 
fc£tr. £fe>(-, t^-Wiooii, y — KP-fir 

104aSy.l04b, T^fax-^ 10 6, io.tU 1 
7-f/VAl 0 8?rWt5. #:£L<(4, ru— M10 
(4, ^vu^Xte^r-vu^-g-fe^w^U 5 ^ i/^fsf 
fr'bnMLZti*. 1 0 l»c^tb5P3tt 

g&l 1 6*54T*£-&1 O 2(4, y— K^-f-Y'l 0 4 aS 20 
tfl 0 4b§rHX«-^#-5J:9 i: t :, '^gl5^^P$Bl 1 4*^ 
Tt>^ 1 06, 7-f;UAl 0 8, RXf 

■fU— V 1 1 0 fci&Ug-C^ 5 4 5 tcDflgB 113 i>Wf$L£ 
ai-^ 1 0 6lii/W h 1 1 O t7-f> 
Alio 8 $r?>L-C^$tu, V l l ojait/T^ 

1 0 6 ttffiflE&SRttft! 1 0 1 IzmfcZfr 
5,i'*9t, y — H7-f f 1 04 a XT/ 1 0 4 b, 
^^3L— 9 10 6, 7^vVi>, 1 0 8*54U 5 :7'V— hi 1 
0(4, 1 0 lfc-^i LTl&t)#»t6>ix 

■So y — KP-fir 10 4 aStll 0 4 b (4, -ttt^tT so 

^^3.31— i o 6 <D±MnMJ8LTiTnnMbii&'&\^x 

ffiWi U Tf"f-^-9 l o 

T*?-=-:e— * 1 O 6 (4, y— KT7-f-V 1 O 4 aS 

u?i o 4bfrtbfcm£tiK.mmt§^m*3\,^x—m$)\z 

tfltSr i:/5 5 T*#5. 7 1 0 8 14, Y9'f~z>-^— *o 

9 1 0 6tzfu- Ml OtSr^f UTT^faX-^ 
SrSK&K-f-S. 7-f;wAi0 8li, *!)tW7^vfl: 

[0167] t/L— H10 f±R»*"C«> 9 , S-&10 
2<DmaUl 1 4»4RfS^(C^$tvT^5. 
31-* i o GAzfiyj l o 8i4Jgifl^fc^/£$*vC 
V^5o y— YV^^r 1 0 4, 7^fax-^l06, 7 
10 8, .RtMV— h 1 1-014, mi$l O 2 ldM 

104, 7^fax-^106, M so 
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h 1 1 014, *v?=L— /Wfcl O O W^'frttlw** L- 
rw»KEJl$ix"Cv>a. S-&10 2, T*^=- 

a:—^ 10 6, 7^/VA 108, RXJ^\^— Ml 0<£> 

*4>(4, /Htl 00 Ot2<r<f'k«i±i::ffi«£ix 

[0 1 6 8] ££l O 2CD§HPgBl 1 4©S«I4, 

10 6 wgfbf!H#<0ffi«4 9 t>*r< ff2f&$ 
ttTV^o h 1 10O"t'i>t7^fax-^ 1 0 

6 <om.mn\z.iMm-?z>®mz.\±, n&n 1 1 2 as0f£$ 

*VCV^ e ®2 0*3iO?@2 lK^kLtcX bKT9f-^ 

=.-91 o.emttdf-rtr-r-r 1 6 2^fife$H, 
1 1 2 t*x-< 1 6 214, ^-r v^fggesr^-r 
£. 7-V-M 1 0C0J¥£(4, 
<i--5fcfe»-ffiiftl 1 2<OWOt^-X'i^^ 

^dxitfmaai 1 2<Dm£te*:<D&<o3ft<Di 

eiT<07C#^-efe^r b^o Kii?Ll 1 214, 

^a.-Mfcl 0 OW^^WUrMU-C^f^fil^ncD 
JWft^C*>'«. *^^jiTLl 1 2(£>ffi«f4, T^^a.^— 
^ 1 0 6 t*7"^ 1 6 2<Dfflnffim£. K> i>3:Z*>\ 
nmUl 1 2(0»rffi<0jl^47 i -/^^-C*>oTt&^ 

uryTi^^tiv^ ^1 0 o»4, jsm 
?L 1 1 2 1 ©rtflii^i*] < 4 5 1 offiyse, jl 

31—^ 1 0 6mm<D-( z/?&tiL< Ttf-a.*-— 
* 1 o 6 ©*lB««**s*# < ^b-T '* OT, -f^o 

[0 16 9] EI 3 4f4, *#<Dm<Dmi&Mnt: 

f4, «{milKfl-«B4 0 1 lwJE«3£ei£*au O 5ds^ 

j^^tv-ti/^o ?^^5iffit^fgis4 0 114, y-m&mtft 

%<DJEfiM±(Dmti 4 O 2±»CRtt^(DP3ftSB4 0 3*5 
7&££*X-CV>S„ MtC, JEmiSSS*a54 0 514, fflft 
gB4 O 3±lC3i:TP J Hfc«^S^4 0 6fc4tJf[H]gB4 1 
3£-£tf 0 tS^S^4 0 6 0fi!lffiiC|§:»t btl.7cCDge4 1 
3K»4, T^^=-3i— l 0 6^ffiB^^5„ Jfcfc, S 

«g^4 o Q<o%m±m^nm^.mn*> ^ht^t, ^ 

[0 1 7 0] El 3 5(4, EI3 4lC^Lfc^-v f ^— /Mfc4 
o o w«^Sr*i-^»MSEI^fe 5o Ei 3 2 Jr^ ufc^e 
A>W lOOi iHl^tC, ^-^3.-/^4 0 0 (4, m 
fWF»»f* «B5 4 0 1 *S i; tF!E^^*^*g|5 4 0 5 
tfc «#3S«Bt(«]-» 4 O 1 »4g£ 4 O 2 *540!R«Eg|54 
0 3SrtU JE^fi^*95 4 0 5 ttCKSX 4 0 € *3 
4maa5 4 l 3?rWt-5. i 0 6(4, zf 

U- h4 1 0 (C^-a-^tu-CCDg84 1 3 (d:@^$^5c 
v?3.— /U#4 0-0(4, y-Kt7-f-¥4 0 4 aS.054 0 4 
b, T>?=f-=>-3-—$ 1 06, M7^;VA4<) 8Sr^b 

(c^r-rs. 

[O 1 7 1 ] *mi&Mmz 4*^(4, h 4 1 0(4$£ 
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I4«MK:MS^-Ci>5. y-mt404aM 

4 0 4 b, 7?f-3-i-^ 106, 7-f;VA4 0 8, X 
t )! 7 'l/-h4 1 OttS-^4 0 2tC»L-C^J8i^lBgi: Lt 
«^LTt>SV\ 7^f^-;i'10 6 > 7^;WA4 0 

8, &lT/U-t-4 1 0(4, MnA4 1 4 

9, HOSS4 1 4©^ffitc*)-L-Ci&E^I*l»-MU t 5 i: f , 'i> 

^40 6> 7-f/VA40.8 v S^U-h4 1 OCO^'k 
14, MPlfP4 1 4©Jiff^'lJ>ttJi{-eEg^HT^5o i° 

[0 17 2] 7"W-h4 1 OCO^'klCfStffeJvfc^iJL 
4 1 2<DmWZ. TV 1 ?*-*-—* 10 6 fx -f 1 

6 2©MD©ffi«J:?> t>*#<JI*ri!;$*vCt % S. 79^~ 

1 0 60*^^f^ 1 6 2 tK>17L4 12i 
J4, ^fe ^ >- ^ tSSB Sr^JEfe-f- S o -7^- h4 1 OcoJ¥£ 
««ii?L4 1 2<OS»-Jt^T/h$< , «*.tfJt»TL4 1 
2 (D@co 3 #co 1 £JLT©7C# $ r h b 

V\ ftii?L4 1 214, /H£4 0 O0->f><frMt£# 

bX*l-^lil^P3©^'C*fo5c R®a4 1 2©Wffi 

±(,% 0 ^a-zMM O 0 f4, *ii?L4 1 2 1 CD 

•C#5o T^^-=.3:— ^ 1 O 6*Sfitt*"l6]»-iSU 5 5J;5 
t^S&l rtdia^^cD-C, X-&4 0 2<Di»££^x. 
TT^f^i-^ 1 0 6*5^1 rtl-Be«$n5S5$5r 

[0 1 7 3] 03 6f4, *i?=L— ^{£<D3l.1iZ.ttL<VMWfc 
0 3 2 /Hfr 1 0 0 t 

@3 e©*^— /W#5 0 0t4, S-&5 0 2j3iO ! so 
RftgP 5 0 3 fc*^5tt{**#tttt»5 0 1 Sr-^tf. * 
fc, A4F5 0 0fi, !)-K7^t504aM 

5 0 4 b, T?^=-^— ^ 10 6, 7>(M5 08, S 
h 5 1 0?r$fe^W-r5c SEflSSSBtfttt 5 0 
1 fr£S*l,*X-&5 0 2(4, !/-K!7^t5 04aM. 
5 0 4 b SrUXSgT't 5 4 5 *<b*BKN Qg6 5 1 4 
7^fai-? 10 6, 7^;VA 50 8, 
U-V5 1 0SriR*-e*3 J: 1 3*»j*SJx 

5„ 7?<f-*x-—* 10 6 (47'V- h 5 1 0 tr:fr LTEE 
tt£K35*ftl5 0 5»c@^$H5c lot, y-Kyw 40 

f 5 04 aM504b, 7^fai-^10 6, 7 
;PA5 0 8*5«fcl*7'V- h 5 1 Oil, **|ae»*W«B 5 
0 1 fc— LTSl«?Wttbn5c ^H^filcO^-v?^ 
— /Mfc5 0 0(4, ¥®#l5#*!*,©jE^-b©£-&-tte 

5. rssb 503 ©±B<D±T^[6]^^»t-K;»7 fettfc 

CQ$55 1 3±{CT^^3-3i-i? 1 o 6#gee£;h.Tv> 

[01 74] i-^a- /kffc 5 0 O (Dftitiiitm* VXiS 
9, *offi^ii:7^f a^-^ lO^^f-Stlt^ so 
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±T*r6]^*fu-c^-rs. /W£5 o o castas 

[0 17 51 ti?3-/H*:S.00(l, TV *1 

»fcj£**ih;5. *S*»—/l'#S 0 0 ^|gl CDffiflgfSK 
i£*$*u5*^-Kf4, 7?fai-^'10 6#, 
oo, »fgiO±«, Tffi!l, Xtt«MW«rK0< i5fc«« 
1 dBi?>tt(7?>*v3o — *«^-A*6"0 0*«, ^ 

6 i^Loo, SlgKO'fV^^afiaSrlSK 4 5 

[0 17 6] 0 3.7f4, 1113 2{C^Lfc*v?:*— ;Mfcl 
0 0 1 ICS* Lfci ^ S3§cDjggBi5fi£<D 

Wffi®-efeSo /Mfcl 0 014, §3glCDfll!lg£ 

fl-ffl-f * * 5.fcS6#3ih.TV*5. *» 1 Oflit*^a 
-/Mfc lOOt co^-&Bi»Cf4, 0!Jy^365 d^tt h 

3o O y V^T->-/Vdsm5fe5 <t 5 IC*v7a-^ 1 0 
0 (40 3 2 -CtftPJ Lfc4 9 fcRtt*B*Hi*.5 - 1 
LV\ *^3.-/Vfl£l 0 0©^/!i5^i(OrtgClC#A 
^JxSrtX?, ■T'U-H 10©fMl 1 2Sr^LT 
^lrtro-T^^^T^^a^-;? 1 0 6t««it5 o 
TV°5-=.*-— $ 1 0 6 ©SSb$B©^H*SJS*|£*>Stfl£*»^ 
iot7^fai-^ 1 0 6 COa@St!)CO*fiJl^^ 
^Tt^tOT*, /Mfcl OOS:Il^^©i> 

O^Pfi^T, 0 3 4tC^L7c^-v J =-— /^4 0 0, 0 3 
6 (C^Lfc^v 5 ^— /W£5 0 0, 3Z.I40 3 8IC^Lfc^e 
i^^— 7 O 0 7 0 0 B , &U t *-A' KffiMi 

6 0 0 SrSH 1 LT-r co=frMS:^ffi VX h ± 

[0177)138 (A) |i^a-;v*700Blr^ 

JtW^Cttftf+Hlift*© 1 Ut*'^-^7 0 0 B 
^^•r?>o *^=.-/Mfc7 0 0 B<4, fKi*M9c#A 
3 6 0 l <75rtg|5i^m-r5 i 5 LT^I§ 1 leg 

f jntV^„ SttT"!/- h3S 0{dl4«ji?L3 7 0# 
Kii?L3 7 0i:T^^=-^-<?lO6©lSi& 

I47L3 8 2j4S7&fc£H, 3 "6 3 $ 

*V5 0 T^^^.^-^ 1-06^3 8 2^>— *2rS<*4: 

3 6 3 C0?L 3 8 2RXf&tt7 l'- h 3 5 0 <OHii 
7L3 7 0*ftLXmW)&l 7 6 £««1-«. 
mn 3 6 3 <D?L 3 8 2MSf ! t7"U-h3 5 0<0*ii?L 
3 7 0(4, #fcl^>'*»»*J£j*"t-a. flb©^aiS*SB 
36 3t7^fax-^ 106 t<4, h 3 5 
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&ttS5 3 6 0 *©S8K»fctt$'-y 1^*383 

7 2^»t ^>ttT^2>. v— U V^«3S3 7 2 f4-£/&«t 

^i!9M^$ttTt>J:t\ 03 8 (A) ©*5?»-A' 
flcT.-OOBtSSUrttffl*^* 5 , 03 8 (B) X 

0 fcL*v 5 ~-/W£ 7 0 0 B <Offi«SSIi*aJSr«« 1 © 

[0 17 8] El 3 8 (A) ©t^-/^7 0 0Bll 
|213 :, 2*»b03 6»r^Lfcy— K!7-f ir©*^*— 10 

£*l<3o JE»-. — /Mfc7 0 OB©£&/& 5 ^Ifgtft 

[0 17 9] -f>'^*-hy y^aMSitSBSHc-O'*** 
^Sl©±®fc3Wi{B!)ffiKf ! r^U MloJiffifei 

lcfttt5-i-C7^f*^-^ l 0 6#SSftnKr*-S^I 
|gtt*sfc5o Ui»U 7 o OBi«f^ 

EtttgB3 6 OAS^Sfl wrtas»c^mb-cv^?)©t?, 

l<?3±S J ^{aiffi>6='t>SixT#fc'f V^ldi <Q 7**?=.=- 20 
— * l o 6i>mi¥Wjh^\ 
[0 18 0] *7t, HI 3 8 (A) <E>H!£0!lT*f4, JglblR 

1 7 6 tStfty^— h 3 5 0<D— U<Dfy&, §SlrtO 

^*fc«»M-3J:5fcS«i icg^r^HSc ®38 

(A) ©Ht£0iK*f4, El 3 2 *>e>IU 3 6 £3* Lfc y - K 
T7-< £ ^T 104a, 104b. 404a, 404 b, 50 

4 a\ S.t/5 O 4 b©tffiOfv : a-/V'ft' v -OSftii^ 

[0181] 111 3 8 (B) 14, T??**.^— 9 106$: 

Hl$:*-t-c 0 3 8 (B) ©^JlCJt^ Y V 
yv'-Ctt, #^#3 6 1 HT^f^x-^ 1 0 6 ill 

S$#3 6 1 bT?=?-*-^—f 1 0 6^:1**^-^ L 
t-flitJifotV^l^, — »®SBtt3 6 1 f4T 
^f a i-^ 10 6 (C^-— tf-W#^te^ft^=t 5 

- i^-c#-5o rtf*-^—* i o 6 OTittjffifcits: 

»tfetu5?L3 8 Ott, »BlO«*fcEK*H-CV^5. « 
7^fax-^ 10 611, JBE«e 16 0, ±£B«® 1 6 
4, TgBm&l 6 6, atb«l 7 6Rlf®tt7'l'- h 3 

5 0 Sr^tfo Wtft^V— h 3 5 0 C0-hS»Cg»j« 1 7 6 
*^J*$H, SI&1£1 7 6©±ffifcTWS^l 6 6^ 
J*$tuT^5o 1 6 6<D±Si-|4JEEmS 16 0 
3&^j££:h<, JE^JI 16 0 <D±Bl£-hgB®@ 16 4 
^$it"C^5. LfcdSoT, JEmS 1 6 OCD^ggBtt, 
±g6«ffi 1 6 4 ©^RttfttTFttm* 1 6 6 ©£g$BK 

1 6 0, 4, RXfT&M& 1 6 6©*ix-e so 
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§b«i 7 6<ommmm*7*'?= : *-fi i Mmz.i&Wi-i- 

ZMWlUX'hZc V 3 5 01C|4RiI?L3 7 0 

*S«lt?>ix-C(/>5. Jit-, S«l©fi!l^«?L3 8 0*S 
J»J***tTV^5. Lfc^oX, -fl^tt, SS§1©?L3 
8 0 &tt7°V— h 3 5 0 <Q»iI?L 3 7 0 Srtf- UTJB 
ftttl 7 6i«»t«.- §Hl©?L3 8 0MIi!l#/l' 
-1-350 £>*ii?l 3 7 0 »4, ^Jc-f V^fSSBSr^f 
5o *fc, 03 8 (B) ©Hl£0l|-ef4, T*^~^-* 
1 0 6l4(*SI§6«-3 6 lK«fct)&3r$*l>-CV^©T*T* 

l 0 6Sr^g8tro««4d^^r-#5. 
[0 18 21S, S3«' (A) *s±tf (B) ©HlfeWc 
*3Jt5Sl^u— K 3 5 04£ftix."C, 422 0©S4£1 7 

[01831138 (C) \iT9f-^—9 106*^ 
tf^-^K*5t{^6 0 0Sr<ix.5lli£^Sr*-t-. 
IftW-Ctt. &tt#ti£#© 1 o i: UT^e-zw Klfigte 6 0 
Ofcttfl]-*-*. ^-/vK1»3t#6 0 0\tT9f-^^-9 
1 0 6 /V-KgP3 6 4 tSr^ri-S. 7 =>-^—5' 

10 6 t*— /VKSB3 6 4ili-#K|jSS4FnT^5. 

3 6 4 tt v y a >mm^(o^m.ik<Dun^ <t 

ot^i^HS, /VKSS3 6 4ttrtgBtcy — K!7-r 
•V 3 6 2 SrW-f-S. ^— /VKIEB3 6 AYXT^f-^^— 9 
l o 6d^M^5 2*«0SSr ; 6"-t-5i:5»c^$^TV^ 
5„ =e— 3 6 4 fi^e-/v KSB 3 6 4 i§H lil: 
SK^»w@Jti-5.fc»i)«w, ^— /VKS6 3 6 4©2*©£« 

31-^1 0 6*s^Si©rtgSfcHddi-?.J:5^l§i»-^ 
l 0 6 ©StbgBtt^S l rt©^ 
tmk-tZo *-/VKlH53 6 4»:±o-C, T^5=-=- 
10 6 ©-hg&flffi 16 4, JEmS 160, XT/T 
£B^!1 6 6tt-T>-^*^«^^tuT^5. 

[0 1 841 038 (C) K#it^6 0 0 »4, 

-e-/V K» 3 6 4 t m& 1 t ©Wl-V- y ^;/#fig 3 7 

HSESi-, -f v^j&5^sgi©±ffifc5^»4ffl!lS5<c:#^, 
§Hl©±Sfe5VM4{l!lffid=>53StvT#7t-l'v^^, T 
^^3.31-^ 1 0 6 r t T\ T^fax-^ 

I0 6ds, Pf^»ii-5-srigtt^*)5c t-A-HffiS»« 

0 011 *-^f»3 6 4#. ^5ll<DrtgB»r^aitX 

it), T^f-^^—f io-6#a&f£I&LJ5ew\, 
[0 18 5]H13 9f4, 0 2 OI-^^fcT^^^-^— ^ 

1 0 6 SrfflV >fc-f ^*-1<!)y 5?JWM .y f 

sd.&BW.^mmm^^-t. ^©-y ^*-i«yy v? 

1 -8 -0 14, *r*t-? f *v©-l' >- ^ * - f y y v 5 1 « O tw>Ptf£; 
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Lfcfc*©-* y^Ai® 1 s nkti*t\>tf~- 1 8 a *m 

s?U- y\) y*si 8 Ott, .-tax-e*i*fco*:WSL 08*. 

8 ow^n-^ttcoiiEffitcH. '>*< iV***^— ^ 
^tr-ttffi-*-***"^*)*^^^-*^-^ 1 0 etftttt- 
$ft-CV*«. TVI-^—Z 10 6 ^'f ^*- h y f 

1 8 O^co^f titll" SCI 

[0186] 13 4 0 li, <{Vir*Jx.y MB®I$S<D^ V 

V^AgB 1 8 2, TtvV^— 18 4, KT'v^— h 1 
8 6 , Rtfy" X/WT'w- M 8 8 4r*i"5. .-f 

5 / X/b 19 0 U— M 88 

Sft-cv**. >f >-^#ASB 18 2 te&%mma I8it 
^y^^AP 1 8 3££W-t-5o 2£««*Sni 8 ltfyf 
Ky s^l 8 Otr^^Sr^-f-S. -T^^^A 
P 1 8 3tM^?2> — h y ^^1 8 O^b-O-^fc^A 
-TSo -O-^*— h y y~S\ 8 Ofi^SAP 185i 
<{l'9W&Q 1 8 7tiSrft5. 2StAP 1 8 5 \%4 
*s9m*M 1 8 2 ©ffi5Mfc#&n 18 1 i>feS»Sr*A-t- 
5, AWti&n 1 8 7 fif V^SAglS 1 8 20-Cy^ 
«AP l 8 3fcW V^SrW*&i-5. -fyiJ-^-hy-r^ 
1 8 o^-r^^#AS»l 8 2^bS^,Sr^A-r5r i(c 
.tor, *- h!i l 8 o ^b'f y?*A» l 

8 2^(0-0-* <D&&*fe1-o *^-18 4li, -Y^ 
^#_ h y yi?! 8 0^-ry^tAail 8 2£^LT 
gy^fri/fc-r >-*5r^y K:/w~ M 8 6lc^iii-5o 
[0 18 7] 04 1 f*. HI 4 OfcTjkLtcO?* — h- V 
•y'y\ 8 0©te©IBft»t(t«:*"t"o. SI 4 1 (A) CM v 
f, y 80AI1 ±T*1rHw^«)»C^$H 

fcHEBl 9 4 a fwT^^^-^— ^ 1 0 6#3£»£H-C^ 
b!J . S^l 8 OcD-f^^l 9 4©rt 

CO, TV*?^*-—? 10 6 tEffitStttl^Kftll 9 
2^(tfetu-CV>5o 7?fai-?10 6^ 

[0 18 8] T 9 f- 10 6 iBSj&^l 9 2 

iwkh:, I'y^-essfc^ntHW^^Hao 

RttOll 9 2 t7^f=-x-;? 1 0 6 icOP£PBW\ 

5. 9 4jSMWfth,Lfci*fc» «tStV^«t 

ot^y^glSl 9 4F*3gPJC-f >"*CDi£#3§£L, 
fftio-C. JSflc^fti&iST^^a^-^ 1 0 6 
o-C^tti^tuTT^^^— * 1 0 6#iSfEKrt'£> Pltg 
14#£>5o KftSl 9 2S:W!ltar.iK:J:o-C» Z^f 1 

* i o 6 <DmwW}&m<'^ k s„ 

[0189] i4 1 (B) cD-f>?#- hi) yi?lS0 
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BCDT^^x.-* l 0 6tt, -O-tm&l 9 4<D&& 

a<Dmm±\z&m£hx\,^z> v -r >?w£a 1 8 7<ojg 

^-Cfcftli, T9=f-^—9 1 0 61*, -TV^Igl 9 
4©«!lH3K*jSffii-^3&^HTt«tV\ T9f-=- 
:x— * 10 6it4>'9&&l 9 4(OtS^[6]©4 , 'WC^* 

i^ffswv 'fy^n, ^y^MPi87 

6Hy^Mdl 8 7 0j&tfHRl*&£-£K:J:9, -f 
y^sTiy WMt'fy^iT^fai- 9 10 6 

P 1 8 7c03tt^(c^^5rt^, -f V^S^Sr^^y f 
±05X^^3.31—^ 1 0 6t^r^ y s'^±©^i:<D<i 

20 ^tfo^ffi^Jifcxu^-ofcfjfcs^fioy isyt£Z<D 

m LT 5 ^fe-efc5. r co i .5 *raS^SrB5<*fc«> 
I^y^i^xy hT-y v^li-Yv^^SSr^-iry 

&&t>iti>mf*nz.mmtei><nkt£Z><DX't>z. 

T^^a^-^ 1 06Hy^?Sl 9 4COtg*-|6]COtf 

[0191] i4 2tiM* h y 7V?1 8 0CDHK: 

te©|S9t»f»S:*"t-. ®4 2 <A) ttW y^*-H y 
v?l 8 0CCO»fffiia, -E14 2 (B) l±EI4 2 (A) Ktjk 
lstc^^?#— h y yi?l 8 0 COM&l 9 4 b SrJfc^: 

Lfcirffim, &u 5 ®4 2 cc) fc^mEffifrhnfflBM 

X'hZo -fy^*-M)s'v'18 0Cll, **^IE«¥ 
f 7t7i^f^x-^ 1 0 6 kti*m— c0[Hl^SS6 10 
40 ±ld^fife$tl--CI/^. 1114 2 (B) , (C) 

ic, ^3JfltfBlS#© 7 W0KX4K« l oco±*icjf^^ 
tu, T^^-^^i— ^ 1 0 6fcfcP— CD{Hl^S«6 1 0<w*3 
^/^T^*^1«^7coT*^-0^i^•CV^^ o T Vf" 
1 0 6tOjlffl^ffltfi5»cSSOy >^6 1 4 
ffiUa 1 9 4 b Idgjjg^il,?.. fl)H94b Jcti, jg 

^S«6 1 0*4>'?®igl 9 4\zm&-rztc#><D*i/ 

;*g?6 1 6«HnUMdtkTV^. *->^$C6 1 6ICi 
oXfB\&mmG 1 OSr-fV^glil 9 4td^-e-L, 
oyy^fiH 4r1SKS«6 1 O {C}f Lot* 5 - 

so r^^-=L^-f 1-0 6co«sb^*wy^ t^M-rsr 
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b £T-# 5 J: b I- boo, ^ W *— y v 5 ©^ b 
[0 19 2] **(*:fB«^7SUt^^lElS^7# . 

flsfHl»^©7 t^^i?*? Mett^®^©fl-gBt©Pp'] 

E E<P R OM& if <0*^tfex.^ltg^^fl£^ * y i o 

* 10 6 £#1*)— ©ESS^^ 1 0±Cl^J&£-C^3© 
•C, 'TVf-a.^-* 1 0 6At^9WWE1»#«7«:-f V 
M y^l 8 OCK^ttttS^i-llIlWffiif'tttl 

®-e^rtfo *7t, h y yv?i 8 oc<omm&f 

RW iM*/w#©t^iaa 5 ffiffHfc£H5. HK> §B 

[0 19 3] 7*^3-^—* 1 0 6»i, V^SSgl 9 

4rt©^>-*©*im#ii£l$*n1 _ 5o a|«WMB*#S7 
jiT^^^-^-^ i o e^fttiiLfc^y^ai/j:^^ 

m^zm^m^bfrz* ^t^w h y s^© 

#lE«3M£7ti, fWy^tlll 9 4^^*7 
;K0tt, i-/«S*?*>-f >'*aM'l'**#l 9 4rttd«fc 

v /-*©-<>£ .{y^il?i94rtc 
4©M^Kte*A£*tT'b«}:i\, ¥**ttait*s 7 n:^ 

fe-f V^SSgl 9 4rt©-T y^iS7;VXIl^>' K©£ # 

[0 19 4] 04 3KJ\ ^y?*-hys'v?18 0 ©H 
lC«l03Btt»ttSr*^*. 04 3 (A) fc*"f'f>'*#- 

h y yv?l 8 0DI1 -f^^SIl 9 4 ©{Rig 1 9 4b 
fC^^C©Ti?^3.^— * 1 0 6 £^>f-t-3o 02 4iC^: 
Lfc, -frjja»**tfc**©T^f-=.3i-* l 0 6 Sr, 
wtub^^T^^a-ai— * I06t txfflv^r kit 
£f*Ll/\, ^©7^=.^-* 1 0 6»4, ±T^I*]»- 
|RMI$:*tt*-Cfllttl 9 4 bfcB*3*fC^3. &f8c©7 
Vf-^-f i o efciT^fifcMBSSrls^-CttSl 9 
4 b»ciaa-f-5r tJctoT, W^^a*Sr*RW«jH:* 

[0 1 9 5] 04 3 (B) K^-t-i h V v~s\ 

8 0 EJ4, -Tv^^lgl 9 4©ffl!lfgl 9 4 b<C±T^{6] 
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INT?^^-? 6 06JCj:o-C, -Y^^SIl 9 4ft 
©-Y V*»*©»fc$:aDfcttfc*aH-<& - 3. 
T^^a-^^^ 6 0 6©S$»4, fflffil 9 4 bJ£«$© 
##J£A±©ft £ Z&TZZb #2 ;£ L < , S43 ( B ) 
KSbM^Tte, Ttf- 3.31-^6 0 6l4fl!Ml 9 4 b©JS 

[0 19 6] 04 3 (C) <;it-f^*-byj'-^i 
8 0FJ4, 04 3 (A) C*Lfc'fy^*-hyyi ; l 

8 0D£PUtlKs -fy^^l9 4ro«tl94btt 
10 !&©T^^3-^-^ 1 0 6£2£*U WH^Ttf-*.*- 

-9 l o 6©Effi^cBl^3S©P«3PB^Sr*5V^x:JlT*(^Q^c:«v> 
BS&gi 9 2-Hi;i5. 024t^Lfc, -to&^Stu 
fc«Sc©T^^3.^— * 1 O 6 Sr. wftib^©"?'^ 

zc—f l 0 6 t P5fe& 19 2 b ©r<3t-tt> -f 

a.^-^ io6i ©p^pgtt. %mmt>\z.z. 
«f$tviv^aat-si-t^HTv^o ^y^§si 9 

20 {r-r^^©fed5^b. ^©w^tcic-c^^r^^ 

7^f ii-? 1 0 6tictj^UiS^t LtV\ 

1 0 6*5^«|-t-5"I^dSfc2>o *?6K© 

1 0 e^-fi©^^^©^^^^, t^^^.^- 
1 0 6©mt^S)^E5<*-t^-e#5» E^StSi 

9 2 tfM- ds»ibi-^ r b Lfc^^T ^ ^ a 
i-^l06 l£«A-t-S©£B5<*o 

[0 19 7] 04 4tt, 4 >y s/v^l 8 0©H 

K«l©5e«»««r5<"f-. 04 4 (A) ©I'V^TJ-hy 
30 r^l 8 0G(i, -fy^tgl9 4©±E1 9 4 c*^fe 
T^-®O t 5 ; Sic©PSS2 1 2 3r*rl-5 0 *H-^n©R8 
12 12 ©T«t -<y^tl?194 ©JfiEBB-i fl/ff 5e©&1 
PS^^ftfcHXV^©tr, v^^fgl 9 4©JggPttji 
iiUTTV^o -1" y^ h !) 7 v 5 1 8 0 GttSt©IBffi 

2 1 2©- : &tt-€tttc:J;oT-E®$n7li1S^:©i|x^2 1 
3$r#i--5o «*©lfc**2 1 3©j£tBI4S</HCigjl-r 
5„ «t®iKS£2 1 3©-5:H-em-*3V^-C, 
|gl 9 4©±B1 9 4 c»£f4T 7^3.31—^ 1 0 6*5g 
*$tbT^S„ 02 4*C^Ufc, — #J$tM£tl1tT ? 3- 
40 ax-^ 1 0 6 Sr> rix*)^©T^^^^— 9 1 0 6 
i: LXmi<^Z>^biW$i^\ 7^ai-^106 
f4> -Y V^^|§ 19 4 ©l|X^^ 2 13 ©±S5 19 4c© 
Ii«r*ife:t;:ffi«$;it5. HK^2 1 3©^»tt^ 
i^n 1 8 7 . -f >9®k&~U 1 8 7*^^ 
>-^^l 9 4©ll~jfi£>5»-o;h/C, HR^2 1 3 

=.3i-^ 1 0 6 *SE«**t5IBWWttW ^tmgia 1 8 7 
ffl!]ASJt£< , 1 8 7 *»*>-f ^£§§1-94© 

so ^0 19 8] Yy^ll -f ^*4WftO 1 8 7^b#l±l$ 
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Jv ^i^^AP 1 8 5i^A50t« -f 

D 1 8 7ffl!)©iRg^2 1 3*^^^*- h D j/v^l 8 

OG WUXSg^ 2 1 3 — 

gittf, -f 1 8 7lC*t>iEV»ilZ*S2 1 3© 

>f j^asmastv-c, ^v*efc*SD i 8 7fcstjS^jR 

^2 1 3fctt>f V?aWc$*UT^5. ^y#tt»P 1 

8 7^*t>35VMtx^2 l 3<D'(>'?frm%:&ti&<ir 
4^V&j&U 1 8 7i»b**.T2#BOiR 
f!2 13fcftAU 2SBOlRS^2 1 3 rtcD-f V? 
*s^*Six*fe«)T. 2#S<DJ|X^2 1 3«M'>'*<D* 
•fit^T* s tJ*6feS„ :<9l$jSt, -fy^MIl 8 7A» 
fcSc^f 3#B£A»OJR^2 1 3fctt, ^S^jSHKfc 
Sft-C^S. W^4HfftP l 8 7tcifitMl5i 

gS2 1 3A^^VNJR^2 1 3^t)«#{C^ ^^*S?B 

[0 19 9] r(Di5fC> 7^faX-^10 6i5W 
^h-<OlR^S2 1.3 rtK-O-^S&gSl 9 4 0±I1 9 
4 cKPi3HS£fc^TBflfi£;h/tV^£>-C% T*^=-3i— 
* 1 0 6 te-f *©«'>«r«»«Jfc*ai-* - t 
#5. HK:, 1RS^2 1 3©S*tfS, ^V^ft^P 1 8 
7d^«R^^2 1 3<0||^£#*l;:/h£< froT^cD 

[0 2 0 0] 111 4 4 (B) (Dsfsirl)— V V 8 0 

H»±, -f 19 4 <D±M 19 4c frhTJj\Z.&Xf 

Z>—o<Dffim2 1 2Sr*-r5. KI2 1 2©Tffiif V 

■e, 'fy^tSi 9 4©j£ffPttJSjiU-cv>5. 4^?% 

— MJ jy^l 8 0 H f4H§3 2 1 2 ioTEPi^Hfc 2 
^tfJiR^ 2 13a 7kl$ 213b £^1-3, 2 1 

3 aM2 i 3 b©j£a5te5l^t;:igii1-3 0 4>'tW& 

P 1 8 7ffll<Dl|X^2 1 3 aCDSAti-O'^WSpP 1 8 
7^e>a-CHo*oHX^2 1 3 btf>£S«fc v\, 
1RSM2 1 3 b«^il±. HX^2 1 3.aO*iO^ 

[0 2 0 1] 213b ©±ffi 194cl:7^fa 

m-* l 0 6riS3£5f £;h.5„ HK, 1 3 bii 

ff 5>^.5fltT-*>2)^S'7r 2 1 4JWfcj*£at*o 04 4 
(B) tCjSVT, ^<y77 2 1 4(2, -f^fgl 9 4 
©(Saiil 9 4 bd>e>_h#U:5fT*57tt UT^fife^ttS. 
^•^77 2 14W >-^«Z^2 1 3 brttCgALfc^ 
fa«r«fex5(0-C, ^t&lCfcoTT 1 0 6 

5„ TVf-x-^—Z 10 6 fcJRS^2 1 3 b©_h 

1194 cicKltS^ifciJ:*), ^y^=7xvK^ 
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2 13a T'(D<>*<orag:t^C#£tfcttjE&*Mt5 
ic, HXSS2 1 3 bO§*«rRS^2 1 2<Dft$^KR§Sr 

[0 2 0 2] 111 4 4 (C) it, 04 4 (B) O'f^* 
- h y y-^l 8 0 13 bK#?L§tgB#2 1 

6#&*£*l/T:^S. #7LK^W2 1 6tt, «X^2 1 
io 3 b F*3(D±ffi^?>TS*X(D±^SrS*5 <fc 5 KISS 
#7LKI»*t2 1 6»*. 7^f a x-^i0 6i: 

©tt«iltt*K:£?«a s << , l'*J|JUB«2 1 3 brtt-SAL 
TL*V\ ^tv*ST*^=.3i-* l o 6<D^ibSr§l# 
fir-t-^TlBtti5*>«.-.U*»U #7LKgC»2 1 6d*4l*. 
5>*t-CV\h,tf. S^Srltfe^-CT*^^-* i o 6ic 

<t!9, 'f^*7^fai-^10 6l:i 1 i > ot7^f 
20 i 0 6^-Y^^MbSr-Y v^^O tii^lii-rs 

o*WCriaJ-e#5. ^?IS0S«"2 1 6fi*4>§*^ 
/hS</^HXS^2 1 3 iw&ei-a Li, \ ^fc, 

3.31— * 1 O 6Srl|X^H2 1 3 b»Jiffil 9 4c 
^tSCtSr iiwi t) v ^>-*nT3i^K^m$tt-C^ 

tC, ift$£2 1 3 bO^*SrfiSS2 1 2W«$^PSSr 

30 ;$St?£5 0 

[0 2 0 3] HI4 4 (D) H14 4 (C) <D4^>?Z> 
- V y y^l 8 0 I <£>#&|CgBW2 l'6 3P?L€l<DA«S 
2tt«CD#?L»gB*t2 1 6AS.TJ52 1 6BtC±oTlt^ 
$^Ti/^-r>-**— > y yi^l * 0 J Sr*i-„ #?LK 
fB»2 1 6 Att. ^HmUU2 1 « B©±*tCiBS$tb 

?LK§BW 2 1 6 B W?LS i 9 V t> L < #7L« 
«*t 2 1 6 Afi, #a«lfB$t2 16Bi9 kiSffcUfPtt 
*Sffi^ttfi--«l*J*Sih,a. ?LSW/J^V^#?LKtl5*t2 1 
40 6 B(D^7LSO^:%^#?L«g6|t2 1 6At^»f 
^J<i^T#V>©-C, 1 3 brt<0-f >-**ST{l!lW# 

Km.Mtt2 1 6Bt*i!3, fiH***v*. bfcd^T, 

— g^^ s r^^-=.3i— * i 0 6*^aifc-<y^i 

—9 1 0«a>€>i£iHM©#?LffaMt-2 l 6B»c^^**5 
t-e, T^^3.3i-* io efi^cD-Yv^ 

©ait** < 4 9 . -r v*^*sr«iffli-5 1 #<d^#^c 

so 3.31— * l-0-6SrlR^ff 2 1 3 b©£H 9 4 c tc^tt 
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\ZJ is? h'Vtm^ti:%-£X*<D'{>'? IE £ 

fg2 1 3 b©s§*£rPBS2 1 2(D*$^IBSr^^fc 

[0*2 04] 04 5f4, 04 4 (C) IC* Lfc^ V* # 

- h y 8 o i <oM(omfeMffi>X'ib%4 -*9it— b 

y j/-? 1 8 0 K^-f-»rffiElT*fe?>o 04 5 > i° 

h y y^l 8 0©#?LK£M-t2 1 614, #JLJCgP 
#2 1 6©T^©7k¥#fi©»rlia;& s , ^>-^^l§19 
4 <75j£fficD*(Rj^tfftT^^ < & 5 £ 5 

h> ?L6^h*-<*'5J:5KW-**bTV''5. 04 5 
(A) ffl^y?*-hyy^i8 0Kii, #?L«gP#2 
l 6 cDT£>#©?LSa s 'h£ < & 5 4; 5 JcBEifigi-Sfcfe^ 

{iiis^y ^^»tbH-cv^-5o &nwntt2 1 6tss© 

5« T9<f-*=-—9 1 0 6*>e>5S^ffi!lrc>#7LWm-t2 1 z° 
0 6£^©^ >-*©&!##&< 

- K y y^l 8 OK±mzm%£fttcT?^ =u=-—* 1 

0 6C-fy^WotV>L*l\ T 9 °f- 1 0 

[0 2 0 5] — 04 5 (B) 51)504 5 (C) ©--T 

h y s> 1 8 0 L f4, #?L«$6W 2 16 cdTpB so 
©*¥#lS]©l$rffiSW^ -O-tm&l 9 4 Offi*T6l»C*3 
VT, -Yy^ig&l 9 4 rc>j£ffitCtf»t-C#A »v'h£ < 

V^SS^l 9 4©jSffiO*'(S]{-tP(tT^i-/h$< 
T^3 0 #?LffSB*t2 1 6TtC»7LSttJE«S$tbSwi: 

1 6©TgB— t^fcH, ««f S^5. 7 9 9 
1 0 6d>ib^ffl!ltf>#7L5Cm*2 1 6B<DT&\^^9 
a>m®.£ftZ>Z.tX-^ T9^=l*-—9 1 0 6j£^cs>-1'>' 

18 0 LO±ffi»c:3i#$ixfcT^^=.^— ^ 10 61-^ 

[0 2 0 6] 04614, T9f-^—9 1 0 6 SriV^fc 
h y s'v'tOJgt'-ffero^SS^flgSr^-r. 04 6 
(A) ©-1' V^*- h y s/v?2 2 0 AI4, <4>91l— f 
y y 5? 2 2 0 A <DkMfr h T*^ iliU 5 5 4: 5 h so 
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HfcSfU (Omm. 2 2 2 ffi 1 ©PBS 2 2 2CT 

ffit^f V9t> — b y y v>2 2 OA©H£Bi©F«ai::»4j5T5E 

y yv f 2 2 0 A©l£ffiSriICT-1' ^9^d 2 3 0^«E 
At?#5 0 ^K0RSi2 2 2iHV^MQ2 3 0il 
l£t4, <4>'9*— h y 2 0 A©i£ffi4 9±2rU:*£ 

1/5 J: 0 \Zfg 2 ©BIS 2 2 4 # 5 , J£j££*VCf*. ST2 
©PBS 2 2 4 ©±^ t^y^*-hy-7-^2 20 A±® 
i:©PrgtcJ4gfS©raPBd5S«-J-?3nT^?)©X-. -f 1/9 
14, -f is?*— b y 2 0A©±ffi£i§ ^9 

{&f&P 2 3 0^SffiA-C#5. 
[0 2 0 7] mi ©PBS2 2 2{-io-C, ^v^Ma 
2 3 0A^IT, ^1©PBS2 2 2©H©^^l©lR 
gI2 2 5 a«^5. 2 ©PBS 2 2 4 

-O-^ft|gP2 3 0^i,tf 2©iS2 2 4 
©#M(H!|{C^ 2 ©1R^ 2 2 5 b i5^$^5„ ^ 1 <D 
2 2 5 a ©^S»4, ^ 2 ©l&S^ 2 2 5 b ©^* 
J:t)^:#V\ |glOR§S2 2 2S^2£DPiSS2 24© 

fCtt), €fS2 2 7^$H5. Lfc^oT, ^1 
©«K^ 2 2 5 aO-fy^ Ji, 2 2 7 CD^^W^I 

td«tt), ^Wgg2 2 7{C**^^S, ^r©fci6, Mfr^ 3 
^fa* 5 IS 2 ©IX^^ 2 2 5 b~jlAi-5©§rB$lh-r5:i 
ta5TC'#5 0 ^2©J|XS^2 2 5 bto-f^ffl 

0*^lt, ^1©HX^2 2 5 afi: ^2©lKS$2 

2 s b ±«9H»Jijgfife$ix-cv>5©-c mi<Dmmm.2 2 

5 aW-fV^tg^Jxfc^ l2OWMa2S*0!) 

[0 2 0 8] h y s/v?2 2 0 A©^^^W^ 

D 2 3 0ffi!l©ffl!]e, -f**J*)3B2©l|X^2 2 5 b©-f 
^^#^P 2 3 0ffi!l©fi!lS<CH4, TV =3- ^-=.— 2 10 6 
^i$*$axTV^ 0 7^fai-^ 1 0 614, 3?2©UX 

2 2 5 b rtro-f y ^ coif tti^ifet 5. t*^ 

a x-^ l 0 6 ^2 ©ilXS^ 2 2 5 b ©fflllStc:^ 
tilil^ioT, -ry^^VK{cit)3£V^^-C©-r 

1 0 6Sr^2©«R^2 2 5 b©{BISt^* 

Sr>f j-v KJ=-t-5 i"*, e ft r ^ !»T?# 
So ^88 2 2 7 l:ioT^10)|Xfl 2 2 '5 a 

2 ©itz^ e 2 2 5 b v ^ tfi mas $ tV S w i i 9 , 

7^f=.x-^l0 6l4, -I'y^A- h y yi?2-2 0 A 
©^Hgtbtc i S-f Vi? ©HIS^©^SrS:W«C^©X, 
7^^-^10 614, ^^2fc*«r«HK:j|l€-^# 
5. ^WK2 2 7d5 N -f^^.$r^-t--5©T*, 

>-^^ 2©IlX^2 2 5 b«^Il©lR§f 2 2 5 a 

[0 20 9] Y^*-f!)j/i?220 A©±EiC»4, 
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T, -T^*-h!'-7v'2 2 0AA5iI^L-fci:fl:, 

RFCiiiSTtS. &lt#2 2 8$M-^#-b 

h y yv'2 2 0 A^bK)aS^5rE5<*-t^'C*# 

T, V V Vi?2 2 OArt©fcffi#iS:ih#2 2 

8©JE^Sr@^5i:. &lt# 2 2 8 *5|ffH,N-c x -TV*:* 
-by s/v>2 2 OA&gft&B&AU ^©fWCt'fy 
h y y -^2 2 0 Art<Offi^)$r— 3ttc«lti-?)o 
[0 2 1 0] 04 6 (C) (D) tt, iglfc#2 2 8 

©^jNBtDBfffiSr^-t - . 1214 6 (C) <D2&lt#2 2 8(2, 
=fAtc«t9^$Hfc^«2 3 2 a Sr*"f-5#2 3 2£ 

3 3*5, 5^2 3 2 a\zM\ftlsX4y?$— h V y*S2 
2 OfcKttfetvS. 5J1K2 3 2 a IC-fcoT, jI^?L 2 3 

3*s, BflH£;h,5. »it#2 2 8f4, /fy^*-hys' 
i^2 2 Ortco-O'iJ'^/X^^ ^y^*-Fy^v ! 2 2 

OrtO*ffi/!>5jSejh#2 2 8<£>ffi;*J«:&*.3£\ 33*&2 3 
2a^ -i'Sttl— Y y yi?2 2 0 CDrt{B!KcM# , *1-fFB 
O^Sr^V^*— hy yv'2 2 0rt»cKt«JA3x5. 0 

4 6 (D) cD3*Jt# 2 2 8 (±, =fA(^± !9 ^fig^ttfc* 
2 3 2t^4 2 3 5i:Srtt2). j£lt# 2 2 8 (4, 4 S 
?Z-bV v*S2 2 0rtC0AJE*5^ih#2 2 8©EAS: 
MtSi, #2 3 2*5, y<^2 3 5§rjfJEUTga#, fl- 
SB©^Sr-< V?;* — h y s/^2 2 Orttc^AL-, -t© 
tHCt^^*- h y S'v 5 2 2 OrtcD^JESr— ^(-^ 

[0 2 1 1 ] 04 6 (B) ©'fy^*- 1- y yv'2 2 0 
B»4, 04 6 (A) (DjlsVll— \- y V*S2 2 0AH*5 
V^-ca»Jh# 2 2 8 trR«-*ft*3 9 1 roifc^g 2 2 5 

2»4, *f V**— Ml f v ? 2 2 OBrtO-rv^Sr^-T 
5t*l-, -f *s9* — h y yi?2 2 OB assign Lfci 
^ y ^ h y ^ 2 2 0 B ©^gc^i 

[0212] sjll, y yv j t-^*$^5, y y 

y y^X!***!! s^RlT**"**— * 1 0 6Srg*-f 
5^-lcoV>txE^<fc*5 s df-^r y S'v't— fWfc£*l^ * 

4 is? 9 >9\£7 if-^*-—* l o 6£§£*LTt>J; 

dr^-y yi?!::-^* tf-7**y r^MC-f 

l/y-?-^?\ZT??-=-^—<? 10 6 Sr^LTtiV> 0 

[0213] y-y- h flattest * 
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^©'fy^f-Fyy^ ttfls*^ (T^^a^ 

^mM(Dm^<ommtVX, m?>«©^-&l:J: "9 
[0214] 047 Sr#RS-f-5 i , f >• * # — h f y v 7 

soon «?ijx.tf0iro*-hy y-^ft^-r^o -o- 
h y y ^8 o Ofcfc, «Hb«^8 0 2*5it;iS 
tf$M * y 8 0 4 Sr*I-t-5. «*feyf8 0 2tt. ±SB 

y 8 o 4»±, ^sjrojsfr^fflwiais^^-^ii^ 

ifcS. tNStfS^^-y 8 0 411, EEPROMfCf^ 
^BlttSft^y-Cifc!?, ±^<D^*E1t#^ (0 

i, #br#*70 Kiais-r*. 

[0215] fS^B^SC 8 1 0 t±, -f v 5 ^ -y h 

e$ym8 i ommtktti&mns 1 2tr*i-s„ 

&H3*&Sg|5 8 1 2, ®#:-fe>"y-8 0 2*Jit;itM^ 
20 y 8 0 4 J; 9 4 1/9 »»*tU3fi1l*s«** H5„ ?S 
ftttm^aifV 8 121*, ffi^-fe ^-y- 8 0 2 5r«l^l lt^ 

»*tt*:«iffiu, m%temm*mmmn**» s 0 4 

K:*#a^, ^^^?SS§lii^Srm^1»#^^y 8 0 

4*»ibfs^m-ro 

[0 2 16] G«S(ltffifftt« 1 Ofi^^lCti^ffi^ft 
^&S8 1 4*5j:0WJ»)^J^igE8 1 6 Sr^-f-S. JB» 
if«li^§B8 1 4fi, m»^tt5toSgB8 1 2*5^ffiUfc 
^»^W#Sr, x-f^^WS 1 8*5«t^e-*8 
2 OSr^^T^.— y-'t-M^-TSo f-f^7"W8 18t 
30 \*.<< V^5S*Sr^"f 0^*5^$H, ^. tT— * 8 2 O 

[0217] ^8diM^iH«» 8 i 6 f±, ^ft^tb^aas 

8 l 2 astfttti bfcifi»*«flMiK:«<5* , -9Mtt1t4B 8 
2 2 £«M$)1-5o PPBiJ»)#g|5 8 2 2 tt, PP^s/ K, ~- 

tillage 8 1 214, -<v^ai*as//-<JScofci:3BIWr^ix 

40 [0 2 18] iaftSBM«P«R8 1 0»4, 

-rv^tt^is, -f^^*-hy s^saws** 
[0219] wc, mmm**v soA^^xmm 

iCtftPJi-5c fB»*«7«*!l 8 0 4I±, Jg(*:-feV-y-8 0 

tf. * y s -o 4 oflmttfli 




<27) 

51 

•jMMmjWfc^ttiSi'U Cfl%1tffil«»8 1 OKlTflT 

10 2 2-0] WJMMMIMttrttftlfHI; 1 * !» 8 o 4 fcia 

-•eF-f V* h y y 8 0 0 >^ v 7 ^ y 

tggtfNM^y 8 0 4^, »My^*-h!lyy8 0 
0 -f i"**— by y$?8 0 0»±f¥£l*J£' ™ 

**!J 8 0 4A»e>n8**t«t3B»«^mft*i.» -t©ts»«itt 
fc^t'TCMK*M*nV8 1 Oj&UBlft^S. 
W yjr&ZE&iztt^ v^»Si6V>'5cv>*— b y y v^SS 

tOB*a- Iffce^.feHS, 
~<0£?\CVX. -O^Jft-MJ y^8 0 0O 

[0 2 2 i] $e>«w, mmt-bmm 

y v 5 ^ y b IE^© K y b WcX& SftS. 

att&i - -^ y^tttfft^oti^, K7 b©iM x 

-fe>>:-y-8 0 2«, ^>^«ffi©ail*:«l0lu:tfttii-e# 
5„^tr-C\ i£ffiiSj@©lium©-r* y^flWiSrEPBiJi 

^^•y 8 0 4fC*&^$HS. 

[0 2 2 2] 0 2icJ;5?Si5ilJg<D 

[0 2 2 3] ^fc, t«»raj»W«tt^m#tttf 
5>sS*ttn?*>3. *m«H41IM*fi, «x.litf^vtf 

^^^7^^»c*5^5^m#t4Sr^-r 0 hi* 

[02 24] jHJttttttfeJStt 8 1 2tt, ^i±S#tttt^Sr 
0 2Sr/8fc>r-f^^fli»«ttii**m"r5. ^^mf^ttl^ 



f#!82001-147146'(P2001-147146A) 




52 

'>fc< tt>> -f V^jKffi* s ^*^-y-8 0 2 <fc <? Jilcfc 

[0225] ^m#tt«f«*^»^«p { * y 8 0 4 tC|2 

i©*Jj{K©— ofclWH-S. ttffi«H£M:. -fv 
M)yv?oM, i£flMrv-y-©tt£l. Jsitf-fv 
?<DjiM. t£©#«©IIHK:J:o-Cfc*3. 3fcfi«?©iS: 

^^yso 4Jciais$tt, i«ot> 

-by y s?©*aw*flm*B«wa*MfcWB-e* 
[0226] $t>»c»*b<tt, fi*©^y^*-hy 
0 4 »c*&^$n5o > y y^ottm^p cx* 

Kmxn, #^y^*-fy r^itfts^ * y 8 0 
■4 -eoti^ffl^^^y 8 0 4tc@^-©^ 

[0227] &ffiwi£fimtt> f*/y w 

1 V^-^y hfEfltigg) ©yy K7-f^ot^ 

ip05#tttf^t:^oTV^„ K y yv^lro^-t!) © 
t*m*H£flM*«\ *-by yv?©««Jc-&to€rT, fcS 
^fi, *- h y yi?©<@«:M»c-&*p*T«*©#14t*^ 

[0228] m$tfm* y 8 0 4«, ^ ^>tc *56pj 

*-f S. * y 8 0 4«-f ^atiNSSrfElS-r 

^0 {02 2 9]fl4-8rt > «fW*y804^lfflt 
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S3 



Vy I- y s/v?^*$ttfc^5^*IJ)£Stl5 (S 
10) „ m&t.tzte&'PinX'QiRZtitcJ vy#- h y 

y:*y 8 0 4frbmm®mm&m*tiiZh csi 

2) . $P>^^^W«* s »S^aj*^5 (S 1 4) . 

t&mmmmmus i oo^sif^a^s 1 4&£x?%i 
wm^mu 8 1 6 1*. R*msixfc«*#!Btt***J » 

[0 2 30] ffi|M$kttlQatB8 1 2 14, fS^-ffi Lfct&tU 

J8*#**fcttii-s (s i 6) „ *ms*tfc?ni»*ttitt 
^ffi#^*y 8 o 4\z&M£t%z> (si8) 0 :oi 

- 1> y y t) * £ ftfe*^****!! W $ ( S 2 

0) , &9 0-£*vTV^<£ttaxf2S 1 6(CMSo 

[o23ij (*tH«H*iMi«:«iH*«* * y 8 o 

<@*©-f Vy b y yv?©&m^tt©35PJffi£*&*frf- 
[0 2 3 2] IH4 9Sr#Mi-5t, i&fiSpO'f # — H 
8 0 4£r*giftL-Cl^5o yv*aW>- 

[o 2 3 3] ^m#tt«v m%<D<o-?m%<Dfembm so 

[02 34] *WI[©»»»c J:*vff, - 5 L 
mifttopStwJ; <9 , St*— 1- y yi?©H*Slk:* 

[0 2 3 5] «UMW4«rW*fll** * y 8 0 4 KIMA*- 

#roausffitt. f 1* y y^©»JKiat-*f'^"c 

JMI * y 8 0 4 KiMA 3 ?* 5„ 60 
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[0 2 3 6] &td. -f^*- by 0 0±T?©»£ 

^-trv-ys 0 2*5J:Wg»t*^*y 8 0 4<DEg»CO 

[0 2 3 7] Wfcfy*.* 0 8 04 

tit, WV^*— 0 0±O*4S»BWiElt 
^fri/cv-cb.}:^ (HIK SI 7 30 . WflSffcrtu -f^ 
|» y j,*? 8 0 0l(Oi- gffi±^&5®B>Tt-ffiB 
$ftT^Tt>«fc^ (@4 2) o Zfl^tl* 4 

Vy # — Y y y v?8 0 0<D^5Sffit-fiEg^tbXVT 

^ffifB^y 8 0 4 0^e^H5@ffii:iE^t- ; C 
l^TtxtV S)9) . 

[0 2 3 8] SI 5 0 £#J?a-t-5 # £ b< tt, WiW± 
yf8 0 2 *3 ± WHSSttf *!I8 0 4^ ^SStg*!*] 

©**wm*.e>*t<5.- @s o&m^, mma 8 3 on 

A- MJ y v'TII^It?)H-CV>5. ^"fe V-y-8 0 2 

fc-i^^tf^p'^y 8 0 4»i»tS»c^:«tbttTt>5„ 
± v-y- 8 0 2 «itjtis^^ * y 8 0 4 tijy&n 8 3 

[0 2 3 9] 815 1 (a) 43it5H15 1 (b) tt. tt^ 

8 3 2#19!ttb*VCV**, •C7:gR«)^8 3 2 14. Cft 
^llflSroffcBRfcBfllS 8 3 4 twiRfeiiStt^,, ttB^fe 
Da«p 8 3 4 tt. i±W1ktb$Z&S3 2kttm-tZMW;t:i> 

[0 24 0] ±.s&Dm&X*K, {fc*Sa 8 30 (CT-T 

5. 8 3 0, JK^-trv-y 8 0 2*3«t^»l**^ 

*!)8 o 4ds*lc^Sg(0^i*]€)'f'*(c^:(tbixTv> 
5. Ufe^ct, «^&P 8 3 OSr'^.W' 1# 

-t© J; 5 3icTS*Efc «t 5 >t80-2 *5 i^tH^ffl * 
^ * y 8 o 4 <D&ei**v*as'>& < * 9 » ^ftti 

[0 2 4 1] $ ±|S©Wc^,$ix?. X b — « 

i^-fe^-y-joit^^^y fcKW*--ifc*9, m&a<Di(L 

x*t£<. -fe y-y-*3 it/^ * y (c:#ffli-5c 
g©f6]±t>Eltu5o 

[0 24 2] uv^— o<DHIS<o^X«, 

* Vf-8 0 2 fc^tS#^*y 8-0 4i:ftn— OflUMfc 
HiSgJtfclSN* bixSo 04 2«r 5 Vtcffif8.<Dm%7* 
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tf, -tl/D-isXXfi** !) cDft#dS§^t?fc-5'o 05 2 "C 

s e>Ks wwamwR sseii. «ftP8 3oo3E 

twit), ±5fibfc.J:5»J:{t11-fJx«r/h*<-C#5. 

[0.2 4 3] »*U<tt, (T*^=. 

a.-. # ) i: *WII3WW*—<Wk $ ftfc *ft* - AH* 

£0;h.5o 

[0 2 4 4] BB4 2KJR5t, #3»S©»lB-ett, MA 

asfSttbtvO^. 04 2T*te#J£#-§-;& S; l'B&£*vC^ 
5*5, 04 2 (B) (PffiUffiEU-^SJl/S i -YVi? 

o. ^®w*ig:»i5*T*fo5o 04 2 (C) ©jEB0lc 
*$*b5<fc5l-, f*^2*, T#fc2* 

©3?iE*5KJt S*g6 1 0©<f£ 
B#:it>?L <j&*o8tf«L) E*So-CV*«. wH»w±t)S 

[0245] 3£«©4OTft»*Sli±*SfclR££iT.* 

■5. H]gB©:£Jli:, ^©£JSj&« IB) T 

bOV rf\zm tR* s #5£ tux t J; t \ 
[0 246] *3Sf!©8'J©ll;&fc©7Kf§&f&W-t' 

[0247] 15311, *mM<Vftm<0-< >-?ffittfctii 
i^9 0 0te^#i?>iJ-9 0 2©3<.£{i;t5o *S£fit$M 
[0248] flBftttWHttW 9 0 41*, 047 (Dffiffc h 

ntt£, «sjM*m«yi«9 o e, MMMMt*ft9 1 2 

9 1 2\tff 9 1 ■6*JiU ! ^tr— * 9 1 8 Srffl 

ffMH«P8V9 1 4tt, *ffi$*l.fcifi»«»-a[;<5^-CH3»!l 
iim9 2 OSrfflWI-*. 
[0 2 4 9] IBft&fffMtttt 9 0 4(±, SfcC, #— b 

y s» iWMtt 908 *jM*m*aa<fB 9 0 6 , 

*-HJ)y5WM»90 8, iMHML* * y 9 1 O *J J: 
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[0 2 50] *-M> y5*t»«*9 0 81i, -f^S?* 

gu-f 5. WPJ$*T/fcW is?*— h y y^fcatJSi-atH* 
««*»9 l 2*sJ:tfPnM»f^lW»tt9 1 4t?4£:bft 

5c w&w&mmi. ns*ttifl«Hi»9 0 6-c«ai«ia 

[0 2 5 1] ■±CO*HJSs«©lll^«SrIRW-t-5. -f 2" 

?&Sijas9 0 8 3&s % W^^*— hy </5?9 O OSrSKS'JU 
WW«««rni»flMB^*-y 9 1 Ofc*2»1-<5. 

20 »ft«> * y 9 1 0 ld!Sfi£*v5o 

[0 2 5 2] 'fy^*- h y yS?9 0 0 J&5fR K> 

y y *y 9 i otcaio-cv^. -t 

[0 2 5 3] *!Hft©»«fcJ:*ttf, ffilt 

[0 2 54] *HJ£©ff^S:^ffl Lfc£ 

30 - h y y v? t GMeiKfWfiiinsic^it hux t> i v \ —ft 

[0 2 5 5] glJ©HJfeO^«St?(±, * y 

[0 2 5 6] |QS©»ttfcWrate©«JI*««:RW1- 

40 5 0 

[0 2 5 7] *HJ£©^flgTett, M»Hjifll«J: l/t, 
[0 2 5 8] 04 7*5<fcO?05 2 t?tt, 1 -sco&ffc-fei' 

so 5rt-as»*uv\ 
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[0259] *mfo<Dwm-Q\*. Wf&^-mEBM* 
X'm&z*itc m^tcxoK. &nm**m^Xs * 

10 2 6.0] *nm<oBmx*\-$., mfrfy*&mm*& 

t ^ 1> y ^ v'tsi^i^ tfc 1 1 1' , 

x o-c e^^5s^-r swat:** ^ iH^ttua * 

[0 2 6 1] HI 4 7*3<tt50 5 2. OfBftlSVMfPftOttl 
n<D^y^=.—df\z.Wt^hfixhii\<\ 

[0 2 6 2] &mi&<oifcw>x'i*. mtt&fg&j St*— 

v^gS^ 4^9 9>9X\>&.\\ Mz-tt. 
y VM<o^9>'9-Qi>X\f\ ^^*-f!)s' 

[0 2 6 3] U-t. **Wtr3BKo»tt*rfflVTlllWb 

[0 2 6 4] 

[0ti<o1B5*^^] 

[Ell] y*-f ^fo-f^*-!^ 

y y -y<r>— HJS0ySr*i-|llT-fe5o 

[®2] ^ms^^fciix^-t-s b y y 

(123] miRrf2\C7jkVtc{>'?%— b y y v^t-iS L 
fc-f V* y i»E«R*©— 

[•04] f^y^asyf 3 3 ©P^BUfcWfffiSr^-rS 50 



5* 

[05] #tt««£#«3, 1S> 16 V M17©S 

[HI 6 ] HIS fc^ L*:PH4i£$8£#©: 3 (DtiKomi&fcWi 
■&7rrfmX'hZ>. 
im 7 ] ^PJ<0-f ^9f> — h y y v'Wli.cO^liS^JSr^: 

-f-m-efcSc 

[El 8] ^Wo^y^iri'!) y^©Ki:{tiJ,<E>3iife#l 

[0 9 1 *^M<oW *s913 — Ky y ^<£>Htt:|tiLCO3li60ll 
Srjjrt-0<?fc3. 

[010] *&W<DJ >-9$-b\) yi?(DMlzm<Dmi& 

mi 1 ] ^m<o^ ^9#—bv v v'cDHtcmcD^is 

[0121011 i^L7 v cH'^^*— f y y^<Ote<D^ 

[0 1 3 ] *^^<o-T y9fs— V y y v^HKf&co^ffi 

[014] Rita 1 c O5Efcte<0|£te^|g©5FffiS:^-t- 
0-Cfo5 o 

[015] if&wvj ~s=- y bte.mmw<r>m:Mwm 

©ffffi£r^'t"-0"e£>5, 

[016] 015 bfclE^SJw® Lfc-f >-9#— 
[|17] *3B9?<0^ ^y-p— \- y 5/^2 7 2 Ofib.©^ 

ffi^ffi^^i-0-efc5o 

[018] *^BJ<D-Y V^^-hyj/v'27 2 St^-f S 

(01 9] 01 6\^VHL^y^iJ— h y yv?2 7 20 
[02 0] Ttf-s-'*-— ^ 1 0 6 <DS¥*ta.Sr^i--0T?fe 

So 

[0 2 1] Ty"f-^*-— 9 1 0 6<DJlffl*5±U ?J t<E>*?'lffi 
0KSr*-r0^*>5, 
[02 2] -< y^©*Si7^fa3:- 1 0«<Cio 

[02 3] TV? 9 1 0 6©»fit^»^Tt 

0-efo-5, 

[02 4] ^ 1 0 6 ©to©*tfe^<iB&3M~ 

0-C-fe5. 

[02 5 ] -02 4tC^:LfcT^^3.^— ? 1 0 6 <0— 
[02 6] 0 2 e>\z.mVtz.T91-^— 9 10-6M* 
[0 2 7] 02 44^-LfcT^^3.3i— 10 6©Sg 
[0 2 8 ] *^^<D-< *— h y y ^OXiSttOUt 
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[132 9] fiai c^te<OHl£^ffiSr^i"Bl^*>*o 
[El 3 0] 6 6 0Offi(0Stt»ttS:*t 

[03 1] T9^^=^— 9 6 7 O^JEWfeO^JS^SS: 

[El 3 2 ] >H* 1 0 o fc^TflttMa-ffifea. 

[03 3 ] 0 3 2 fc* Lfc^v 1 ^-^ 10 0 coffin?: 

[03 4] *S?*.— /Mfcl 0 O<pftfecO|IJfi^^Sr^"t"0 io 

[03 5] E13 4 L/^v^a-;^ 10 0 CD 

[036] /Mfcl 0 0OHfc<fe©Slfi^l»Sr^ 

[037] 032 fc* Ufc^ei?*— 100^^ 

[038] ^e^^^l 0 OOJEt-f&^JSff^^ 

[03 9] 02 0*3±Via2 ll^UfcT^^*^— * 20 

[04 0 ] 4 y9 y ME«6«<o»jMBSr*rH-e*> 
[0 4 1] BI4 01w/tL^^*-M1 y^l8 0O 

[04 2] — hi) <y5?l 8 OO3E»-te<0^16fl£ 

^4r^i-0T*fo^>o 

[04 3] -O^*— hy s^l 8 0OjEt-<fe<B»feJI2 
fS£^1~0T*;fc£o 

[04 4] -f — h !i S/^l 8 0O3EfcteO^lfiJ|g 



30 



SO 

[04 5] B44 (C) {^Lfc^^^-hyy^l 
8 OCOtoOHSE^ffi$:^0"Cfo5o 
[04 6] *^a-/i4l 0 0 SrfflV^ y?*- h !J 

[1214 7] -O^J-fU ^^MtyfioiOTIf 
fl»«>*ys:iait**idtSr, 4>9&*y vmmmmt 

[04 8] H4.6»»i^ 

[04 9] 04 6-C0»»*«^*y^Ottia*tt9lE»' 
[&I5 0] h!l 

[05 1] JistJi— V V yv^^jf&a^iefiofirilS:^ 
[05 2] ^y^^-hy s/^coffifr-fev^fci^ 

[®53l 91<omi&(OmWi\Z.^-f >^ is y MB«S 
[Wf-OtfcW] 

8 0 0, l/?3>— V y ^v* 
8 0 2 

8 0 4 jB»«M***y 

8 0 6 fH»«tn«*G1Sffi 

8 0 8 4*m4mfl!*MB1ft8B 

8 1 0 CftSltlHfllA 

8 1 2 *B»4£fcti^ag|5 

8 1 4 Wftfl»tti§9ffi 

8 i 6 mmft#m» 
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[0 9]. [010] 




[011] [012] 




10 2 6 ] 



106 
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